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ABSTRACT - Quaternary palaeontologists are often asked to identify and interpret faunal remains 
from archaeological excavations. It is therefore vital that both palaeontologists and archaeologists 
understand the limitations imposed by recovery methods, especially sieves. Fossil small 
mammals, particularly rodents, in Australian archaeological deposits are very significant sources 
of palaeoenvironmental information. Over the last half century, recovery techniques used by 
archaeologists in Australia have ranged from dry screening with 10 mm sieves to wet screening with 
nested sieves graded down to 1 mm. Nested 6 and 3 mm sieves have been a popular combination. 
Experimental investigations, using owl-accumulated mammal remains from two caves, show that 
sieves of 2 or even 3 mm (the metric equivalent of 1 /8th inch) are fine enough to recover most of 
the dissociated complete jaw bones used to identify Australian native rodents (all Muridae). But 
they fail to retain first molar teeth that have become dissociated from the jaws by pre-depositional 
fragmentation, predator digestion or damage during excavation. A 1.63 mm sieve (the approximate 
metric equivalent of 1/16th inch) differentially recovers all isolated first molars of Australian rat¬ 
sized rodents, but not small mice, or some first molars of large mouse species. Our results show 
that differential recovery statistically significantly biases the relative abundances of rodent species 
retained on a sieve, although there is considerable inter-species variability. The diagonal dimension 
of the mesh aperture is confirmed to be at least as important as the side dimension in determining 
what is lost through a sieve. The demographic structure of species can also be biased by differential 
loss of isolated molars from the youngest individuals, but only in species whose molar dimensions 
precisely span the threshold of retention on a particular sieve size. Some data suggest that a greater 
proportion of small objects will be lost through a sieve when immersed in water, than with sprayed 
water wet sieving or dry screening. Because highly fragmented faunal materials are characteristic of 
many Australian archaeological deposits, complete recovery of isolated first molars is essential for 
detection and identification of rodent species to produce the comprehensive assemblages needed 
for valid comparisons with accumulations by single predators such as owls, and for the multivariate 
analyses used in palaeoenvironmental interpretations. Complete recovery of first molars of Australian 
rodents requires a sieve mesh aperture no larger than 1 mm square. A recent archaeological 
collection made with such methodology provides an opportunity to demonstrate that a more 
meticulous standard is worth the time and effort to pursue. 

KEYWORDS: Differential recovery, rodents, Muridae, Australia, cave deposits, sieve size, 
zooarchaeology 
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INTRODUCTION 

A century of research on differential recovery has 
shown that the mesh aperture sizes of sieves used to 
screen sediments from excavations can fundamentally 
influence the type and quantity of materials recovered 
from them. Gifford (1916) is generally credited with 
being the first to consider the problem, and the first 
to report the mesh sizes of sieves that he used. If the 
smallest mesh size used is too large, remains of large 
fauna and flora, and large artefacts, will be recovered in 
the screen residues, but small remains and fine cultural 
materials wifi fall through into the screenings and be 
discarded. Research on differential recovery of faunal 
remains has been conducted mainly in North America 
and Europe, and has been principally concerned with 
vertebrate remains, particularly mammals (e.g. Ziegler 
1965; Thomas 1969; Payne 1972; Shaffer 1992; Shaffer 
and Sanchez 1994; Lyman 2012), and fish (e.g. Gordon 
1993; Nagaoka 1994, 2005; Stewart and Wigen 2003), 
but also invertebrates, especially molluscs (e.g. Gifford 
1916; Muckle 1994). These previous investigations have 
demonstrated that however small a sieve mesh is used, 
materials of potential interest to some disciplines wifi 
be lost through it. 

Experimental investigations into understanding 
the effects of differential recovery have generally 
involved one of two approaches: either applying 
sieves of different sizes to excavated materials from 
archaeological deposits, in which taphonomic factors 
such as fragmentation are unknown (e.g. Gordon 1993), 
or sieving dissociated skeletal elements of museum 
reference specimens which have ideal taphonomic 
histories (Nagaoka 2005), but lack the compounding 
influences on recovery of sediments and other factors 
(e.g. Shaffer 1992). 

An early approach to the differential recovery 
problem involved calculation of a correction value for 
the differential loss of small fauna (e.g. Ziegler 1965; 
Thomas 1969), to boost the analyzed frequencies of the 
faunal material recovered with coarse sieves. But further 
research soon revealed that the assumptions upon which 
the method was based were flawed, and that losses were 
still seriously biasing the archaeological conclusions 
drawn from faunas, especially fish (e.g. Gordon 1993; 
James 1997; Stewart and Wigen 2003; Nagaoka 2005). 
Almost every investigation of differential recovery has 
concluded that finer sieves are desirable (e.g. Thomas 
1969; Casteel 1972; Payne 1972; Shaffer 1992; Shaffer 
and Sanchez 1994; Lyman 2012), though the study by 
Vale and Gargett (2002) seems to be an exception. This, 
however, is balanced by the expediency of field work 
costs and logistics, and the much greater time required 
to sort fine residues (Ball and Bobrowsky 1987, but also 
Meighan 1969; Thomas 1969; Shaffer 1992; Nagaoka 
1994; Lyman 2012). One solution is the strategy of sub¬ 
sampling with finer mesh (e.g. Thomas 1969; Payne 
1972; Colley 1997; Stewart and Wigen 2003). 


Parallel developments in quantitative analysis of 
Quaternary small mammal faunas (e.g. Avery 1982; 
Blois et al. 2010) revealed their importance for the 
interpretation of palaeoenvironments, including the 
contexts of archaeological accumulations (e.g. Morlan 
1994; Stahl 1996; Veth et al. 2007; Lyman 2012). 

Other principles that have emerged are that not 
only is there a positive correlation between the size 
of the mesh aperture, the size of the animal and the 
probability of its remains being retained on the sieve 
(e.g. Thomas 1969; Casteel 1972; Shaffer 1992; Lyman 
2012), but that the shape of the specimens, particularly 
bones desired for identification, is also very important 
(e.g. Shaffer 1992; Nagaoka 2005; Lyman 2012). If the 
two smallest dimensions of an object are smaller than 
the side of the mesh (Nagaoka 2005), or the diagonal 
of the aperture (Lyman 2012), it can potentially fall 
through. The evenness of the three dimensions of 
roughly cubic or spheric objects, such as upper molar 
teeth of mammals, means that they are more likely to 
be retained than rod-shaped objects such as long bones. 
Disc- or kite-shaped objects with two large and one 
small dimension also tend to be retained. 

It is important to investigate whether Australian 
mammals have skeletal characteristics that make 
them susceptible to biases from particular recovery 
methods that differ from those shown by faunas 
elsewhere. While differential recovery of fish remains 
has been investigated in Australia (Vale and Gargett 
2002; Gargett and Vale 2005), mammals have not 
been similarly considered. As faunas differ between 
continents, differences in skeletal morphology 
may cause different recovery biases. For example, 
Australian native rodents are all Muridae, which have 
molar teeth with roots that close shortly after eruption 
and are often not vertically aligned with the crown, 
but angle away from it. Whereas voles, which are 
abundant components of many Northern Hemisphere 
faunas, but absent from Australia, often have cheek 
teeth with short straight roots that remain open 
throughout life, which may give their molars different 
retention properties on sieves from those of murids. 
Furthermore, Australian native non-volant carnivores 
(not considered in this study) are all marsupials, unlike 
faunas elsewhere. 

Equally significantly, there are faunal remains 
in many collections of screen residues from 
archaeological excavations made in Australia during 
the 20th century, generally using relatively coarse 
sieve sizes, that remain to be investigated. It is 
vital to understand the quantitative limits of such 
samples. An example of how sieve size can affect 
interpretation of Australian fossil faunas is provided 
by Caladenia Cave, in which the sieve size used 
in a 1970s excavation was changed from 3 mm to 
1 mm for the lowest third of the deposit (Thorn et 
al. 2017, p. 218). In a multivariate analysis of the 
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relative abundances of small mammals from the 
site, this change of sieve mesh size proved to be the 
overwhelming factor, obscuring any ecological signal 
in the data. Similar limitations apply to reanalysis of 
old collections elsewhere in the world (e.g. Nagaoka 
2005). It is therefore important to bring differential 
recovery to the attention of Australian archaeologists 
and palaeontologists, to highlight the fact that 
it can have just as much influence on Australian 
environmental and ecological reconstructions, on 
which archaeological interpretations are in turn based, 
as those overseas. 

Remains of small vertebrates, especially small 
mammals, are often abundant in Australian cave 
deposits (e.g. McDowell 2014), both those with and 
without a major archaeological component. Across 
the drier parts of Australia, which cover much of the 
continent, the principal accumulator of mammal bones 
is the Australian Barn Owl, Tyto delicatula. Typical of 
owl accumulations, the skeletal elements are largely 
dissociated. The small mammals, particularly the 
murid rodents, in Australian archaeological deposits 
are very significant sources of palaeoenvironmental 
information (e.g. Balme et al. 1978; Veth et al. 2007). 
Because both relative abundance and presence-absence 
data are important, differential loss of remains as a 
consequence of the size of a species not only biases 
results, but invalidates comparisons with faunas from 
bulk samples from non-archaeological assemblages 
(providing that these in turn have been recovered using 
a fine enough mesh size). 

Quaternary palaeontologists, particularly those 
specializing in vertebrates, are frequently asked by 
archaeologists to identify and interpret faunal remains 
from their excavations, so it is vital that both groups 
understand the limitations imposed by recovery 
methods, especially sieves. We therefore devised 
experimental investigations of the effects of sieve size 
upon recovery of remains of Australian native rodents 
from two cave deposits, one purely palaeontological 
(with no apparent human input) and one predominantly 
palaeontological but with a minor archaeological 
component (i.e. some human input). The results from 
these are compared with a quantified rodent fauna from 
a recent excavation in a predominantly archaeological 
site. From this we derive an answer to the question 
of what sieve mesh size is required to fully recover 
identifiable remains of Australian native rodents. We 
also investigated whether differential recovery can 
bias the demographic structure of remains of species 
retained on a sieve. We then review how adequately 
recent archaeological excavations in Australia have 
sampled faunal material, and suggest a new standard 
of investigation that would enable palaeontologists to 
make more detailed and accurate interpretations of 
zooarchaeological materials provided to them. 



FIGURE 1 Map of Western Australia showing localities 
mentioned in the text. 

MATERIALS AND METHODS 

CAVE SITES 

The majority of experimental materials used in this 
investigation were sourced from two caves, Quarry Cave 
(C-599) at 21°59'49"S, 114°05 f 45 M E in the eastern stony 
footslopes of Cape Range in north-western Australia, 
and Caladenia Cave (EM-17) at 31°14'49 M S, 115°37 , 39"E 
on the northern Swan Coastal Plain in south-western 
Australia (Figure 1), with an additional small sample 
from Boodie Cave on Barrow Island. 

Quarry Cave was discovered in 1996 in the course 
of quarrying operations in Miocene marine limestone. 
It is a pot hole consisting of a single chamber, roughly 
triangular in plan, with a fairly even rocky floor that 
slopes gently downwards from the apex of the triangle 
to a small area of sediments at the base of the triangle. 
Maximum dimensions of the floor are about 19 m long 
by 17 m wide. When discovered, the only entrance to 
the cave was in a steep rock face and consisted of a 
low horizontal slot, about 1.3 m wide and 0.7 m high, 
beneath a cap rock, that opened into a small ceiling 
dome above the deepest part of the cave, some 6 m above 
the floor, with all walls overhung beyond vertical. This 
restricted the cave’s suitability as a shelter for animals 
to those that could fly or climb well; and excluded larger 
mammals such as kangaroos or humans without modern 
climbing equipment. Bones, mainly of small mammals, 
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and probably owl-accumulated, were quite abundant on 
the floor and in the shallow sediments. They are mostly 
brown in colour and moderately fragile, but generally 
fairly anatomically complete. The bones have not been 
dated, but the geomorphology of the cave suggests that 
its small entrance opened relatively recently, and the 
bones probably only began to accumulate in the late 
Holocene. At the time of discovery it seemed likely 
that the cave would be destroyed in the course of the 
quarrying operations, so bones were collected by 
shoveling bulk samples of the sediment into four sacks, 
each holding about 5 kg. The contents of one of those 
sacks provided materials used in this study. 

Caladenia Cave is located in a shallow valley at the 
base of a hill slope composed of Pleistocene aeolian 
limestone. It is an inclined fissure cave (Bastian 1964) 
consisting of a single chamber about 16 m long and 
9 m wide, with low lateral extensions, described in 
more detail in Thorn et al. (2017). Block collapse at the 
northern end of the chamber has formed a small walk- 
in entrance. Outside it there is a roughly semicircular 
doline of about 5 m radius. Ceiling height along the 
midline of the chamber is generally a little over 2 m, but 
a major collapse near the southern end of the chamber 
has produced a chimney, an opening in the roof, and a 
substantial rock pile beneath. A large volume of sandy 
sediments, and plant debris, has flowed in from the 
northern entrance and formed a floor that slopes to the 
south. A 3.6 x 1.2 m excavation was made in the 1970s 
near the middle of the floor between the rock pile and 
the western wall. Sediments from the upper two-thirds 
of the deposit were screened using a sieve with a mesh 
aperture of 3 mm, but because bone was more fragile 
and fragmented in the lowest third of the deposit the 
sieve size was changed to 1 mm. 

AUSTRALIAN RODENT SKULL MORPHOLOGY 

Rodents are the most abundant component of the fossil 
assemblages from both caves. All are typical Muridae 
(see, for example, Cook 1965); and have just one incisor 
and three molars in each left and right upper and lower 
dentition. The upper molars are rooted in alveoli in a 
roughly horizontal bone plate towards the posterior 
end of the maxilla. Anterior to the molars a zygomatic 
plate rises to, and then curves laterally and posteriorly 
into, the proximal portion of the zygomatic arch (Figure 
2). Anterior to the maxilla is the premaxilla, which 
holds the upper incisor. There is a substantial diastema 
between the incisor and first molar. The lower jaw, 
composed of the dentary bone, is typical of placental 
herbivores in having a long low diastema behind the 
incisor, with the molar row in the centre of the jaw, 
and fairly flat processes for articulation and muscle 
attachment projecting above and below the occlusal 
plane at the posterior end of the jaw. The length and 
height of the lower jaw are its main dimensions and are 
much greater than its width. 


CHARACTERS USED IN AUSTRALIAN MURID SKULL 
IDENTIFICATION 

Australian murid skeletal remains are identified 
using mainly characters of the upper and lower jaws 
and teeth. For the upper jaw, the shape of the zygomatic 
plate and zygomatic arch, the length and shape of the 
anterior palatine foramen, and the cross-sectional shape 
and relative size of the incisor, if the premaxilla is still 
attached, are particularly important. In the lower jaw, 
the shape and position of the ascending ramus and 
coronoid process, the shape of the angular process, the 
position of the masseteric ridge and its relationship 
to the mental foramen, and the cross-sectional shape 
and relative size of the incisor are all taxonomically 
diagnostic characters. 




FIGURE 2 Sketch diagram of a murid rodent skull 
(based on Rattus tunneyi), illustrating the 
teeth, bones and morphological structures 
whose character states can be diagnostic 
for species (see text). A, Occlusal (palate) 
view of skull. B, Left lateral view of skull. 
C, Medial (internal or lingual) view of right 
lower jaw (dentary bone). D, Lateral (buccal) 
view of right lower jaw. 
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FIGURE3 Photograph of the left first upper molar 
teeth, in occlusal view, of the four large mice 
from Quarry Cave (the four species in the 
fauna with the most similar molars); from 
left to right, Notomys a lexis, Pseudomys 
desertor, P fieldi and P nanus. The species 
can be distinguished from each other on the 
basis of the relative size and shape of cusp 
T1, and its position relative to cuspT2, and 
the development of the anterior cingular 
cusp (acc).The scale bar is 2 mm. 

Morphological characters of the molar teeth 
of Australian murids are also employed in their 
identification. The crowns of the molars cease growing 
as they erupt. First molars, both upper and lower, are 
the largest and most complex, and the teeth diminish 
in size and complexity posteriorly. Third molars are 
generally relatively small. First molars, even when 
isolated from jaws, can usually be identified to species, 
but few second molars and virtually no third molars 
can. The most important characters are the presence, 
size and shape of cusps, and their relationships with 
other cusps (see, for example, Figure 3), and the number 
and patterns of roots. The crowns of upper first molars 
are generally ovoid in shape, with the blunt end at the 
rear, adjacent to the second molar. The roots consist of 
one large root angled forwards and laterally as well as 
upwards at the anterior end of the tooth, with, in most 
Australian genera, a single vertical root in the centre 
of the inner, lingual, side of the tooth, and a third root 
on the posterior outer, buccal, corner. In the genus 
Rattus there are two lingual roots and an additional 
small buccal root between the anterior and posterior 
roots (see Figure 4). Additional small roots are variably 
developed, particularly in the largest species. Lower 
first molars are roughly rectangular in occlusal view. 
There is a stout vertical root at each end of the tooth, 
and small additional roots may be variably developed 
between them, particularly on the lingual side. In the 
genus Rattus one small central root is present on both 
sides of the molar. In a complete first lower molar tooth 
the length of the crown and the depth to the end of the 
roots are the two largest dimensions. Second molars are 
roughly round (upper) or square (lower) in occlusal view, 
and third molars are typically triangular. 
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In murid material from owl accumulations, including 
many in Australia, the crowns and roots of some molar 
teeth are incompletely formed, suggesting that the 
animals were very young when predated. After digestion 
by owls, the molars of the youngest animals typically 
consist of no more than the thin and fragile enamel 
shell of the crown, and completely lack roots (Andrews 
1990; Fernandez-Jalvo et al. 2014). With increasing 
age, dentine thickens and strengthens the crowns, and 
the roots are developed by use. This process appears 
to continue throughout the life of the animal because 
some of the most robust roots are found on molars with 
extremely worn crowns. 

TAPH0N0MY: MURID JAW FRAGMENTATION 

Fragmentation of faunal remains in Quaternary 
fossil assemblages is a normal state. Typically, it 
is most severe in archaeological accumulations 
(e.g. Shaffer 1992; Muckle 1994), due mainly to human 
food extraction techniques and trampling. Fragmentation 
of murid jaws shows consistent patterns. Predictably, the 
thin sheets of bone that form the anterior part of the 
zygomatic plate of the maxilla and the ascending ramus 
and angular process of the dentary (see Figure 2) are the 
most vulnerable, with damage proceeding from chipped 
edges to complete loss. As fragmentation becomes more 
severe, progressively thicker bone is broken off until 
only the most robust parts of the jaws remain. In both 
upper and lower jaws, these consist of the thick bone that 
surrounds the first molars and their alveoli, and without 
the molars few if any characters for identification are 
left beyond size and number and disposition of roots. 
Because the relatively thick bone that surrounds the long 
lower incisor in the dentary extends through much of the 
length of the bone, dentaries tend to be less fragmented 
than maxillae. 

Fragmentation of the jaw bones is not the only reason 
why molars become isolated. Digestion by predators, 
particularly owls, usually dissolves the ligaments 
attaching the molar roots into their alveoli. If the roots 
are close to parallel, rather than widely splayed, or 
are short, or poorly developed, as in a young animal, 
the teeth may be dissociated from the jaws before 
even being voided by the predator. Root structure 
is usually consistent within species and so some are 
especially susceptible to loss of molars from jaws. For 
example, the three roots of the first upper molar of 
Western Mouse (Pseudomys occidentalis, a member of 
the Caladenia Cave fossil fauna) are shorter and less 
splayed than those of most species, so the vast majority 
of maxillae of P. occidentalis from owl accumulations 
lack a first molar. 

EXPERIMENTAL METHODS 

Dry bulk material from one sack of sediment from 
Quarry Cave (about 5 kg in weight), was gently washed 
with water flowing from a 12 mm (half inch) garden hose 
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through a 3 mm square mesh aperture archaeological 
sieve, and the screenings collected on a 0.5 mm square 
mesh sieve. After drying, the screenings were gently 
dry-sieved on 1.63 mm and 0.71 mm square laboratory 
sieves to obtain three screen residue fractions each with 
fairly even particle size, for more efficient sorting (cf. 
Wolff 1975). Sieves of those two mesh sizes were used 
because they happened to be available, but the 1.63 mm 
sieve has an only slightly larger mesh aperture than a 
l/16th inch (1.59 mm) sieve. Mammal jaws and isolated 
teeth were sorted from the three fractions, and the 
rodents identified. Rodent jaw bones and jaw fragments 
containing first molars, and isolated rodent first molars, 
were counted. 

For Caladenia Cave, previously identified remains 
of each rodent species from a single excavation spit 
collected at 1.79-1.81 m depth, and originally screened 
with the 1 mm sieve, were tipped onto the same 
3 mm archaeological sieve and gently brushed across 
its surface, until no more specimens fell through. The 
numbers that had been retained and fallen through were 
then counted. 

Jaw specimens with first molars, and isolated first 
molars, from both sites, were originally counted in five 
categories of completeness ranging from essentially 
intact jaws, with all three molars in place (category 1), 
through three stages of loss of other molars and bone 
fragmentation (2-4), to isolated molars (5). The data 
are recorded in Appendix Tables A2 and A7 in the 
five categories (defined in Appendix Table Al), but 
categories 2-4 are combined as molars in jaw fragments 
for plotting in Figures 5-7 and 17. 



FIGURE 4 Isolated left first upper molar of Rattus 
tunneyi from Quarry Cave, in life position, 
with roots uppermost and crown below, 
showing positions of height and diagonal 
length measurements. The tooth is from an 
age class 2 individual with fully developed 
roots with closed tips and moderate wear 
on the cusps, and is viewed from the outer 
(buccal) side. 


First molars of two species at the threshold of 
retention on the 3 mm sieve provided the opportunity 
to investigate in detail why some isolated teeth were 
retained whereas others fell through and were lost, 
and also whether differential recovery can bias the 
demographic structure of the specimens retained on the 
3 mm sieve. In addition to the standard measurements 
of crown length and width, the height of the tooth from 
the top of the cusps to the tip of the roots, or broken 
remnants thereof, and the greatest diagonal length of 
the tooth were measured, to the nearest 0.02 mm, using 
Vernier calipers, as shown in Figure 4. The teeth were 
also assigned to one of five age classes, ranging from 1, 
youngest, to 5, oldest, based on root development and 
cusp wear (see Appendix Table A4). 

An almost ideal empirical test of the experimental 
results has been provided by data from an excavation 
made in 2013 in Boodie Cave on Barrow Island (Veth 
et al. 2014), in which wet screening with nested 4, 2 and 
1 mm sieves was used. 

RESULTS 

QUARRY CAVE RODENT FAUNA 

The fauna recovered from the Quarry Cave sample 
includes 12 species of rodents, consisting of three 
species of small mice (mean adult body weights 
12-17 g), Pseudomys hermannsburgensis (Sandy Inland 
Mouse), Pseudomys chapmani (Pebble-mound Mouse) 
and Leggadina sp. cf. L. lakedownensis (cf. Lakeland 
Downs Mouse), four large mice (25-40 g), Notomys 
alexis (Spinifex Hopping-mouse), Pseudomys desertor 
(Desert Mouse), Pseudomys fieldi (Shark Bay Mouse) 
and Pseudomys nanus (Western Chestnut Mouse), three 
rat-sized species (80-120 g), Rattus tunneyi (Pale Field- 
rat), Notomys longicaudatus (Long-tailed Hopping- 
mouse) and Zyzomys pedunculatus (Central Rock-rat), 
one large rat (210 g), Leporillus conditor (Greater 
Stick-nest Rat), and one squirrel-sized tree-rat (310 g), 
Mesembriomys macrurus (Golden-backed Tree-rat). 
Isolated first molars, both upper and lower, of all 12 can 
be distinguished at the species level. 

The raw count data for the Quarry Cave rodents 
from the various sieve fractions (Appendix Table A2) 
are plotted in Figures 5-7, and reflect the variable 
abundances of the species in the deposit. With total 
numbers of specimens per species varying between 
427 and 3, relative abundances, the alternative to 
the absolute abundances used, would distort the 
representations of the rarest species and obscure the 
ecological information contained in the proportions of 
the species in the death assemblage. In Figures 5 and 
6 the numbers of specimens lost through the 3 mm 
sieve are the sums of those retained by the two smaller 
sieves listed in Table A2. The species are arranged 
across the graphs in order of upper first molar crown 
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size from smallest on the left to largest on the right. The 
smallest species, Pseudomys hermannsburgensis, is the 
most abundant, which is typical of owl accumulated 
assemblages from the drier parts of Australia. As would 
be expected, the numbers of jaws retained on the 3 mm 
sieve (Figure 5) increase with the size of the species 
and completeness of the specimens, which varies 
from essentially intact jaws (black filled columns) to 
bone fragments retaining the first molar (grey filled 
columns). All five species of Pseudomys (abbreviated 
‘P’) show a similar pattern of loss of the vast majority 
of their isolated molars (white filled columns) through 
the 3 mm sieve. The Leggadina (‘ Lg ’) differs in having 


a relatively lower number of isolated molars, but most 
of these were also lost through the sieve. A slightly 
higher proportion of isolated molars of Notomys alexis 
( C N a ’) was retained than for the three comparably sized 
species of Pseudomys (see also Figure 3), plotted to the 
right of it. But substantial proportions of isolated molars 
of the three rat-sized species (Rt,Nl and Z p) were also 
not retained. Most remarkably of all, one specimen of 
the largest rodent molar in the entire assemblage, a first 
lower molar of the tree-rat (Mm), also fell through. That 
particular specimen completely lacks roots, otherwise 
it would almost certainly have been retained on the 
3 mm sieve. 



FIGURE 5 Combined numbers of upper and lower first molar teeth in complete jaws (black fill), in jaw bone fragments 
(grey fill) or isolated first molars (white fill), retained by (above the horizontal line) or lost through (below 
the line) a 3 mm sieve, represented by the horizontal line across the middle of the figure, from 12 rodent 
species from Quarry Cave, arranged by size of first upper molar from smallest on the left to largest on 
the right. The species are, left to right: Pseudomys hermannsburgensis (P h), Pseudomys chapmani (P c), 
Leggadina sp. cf. L. lakedownensis (Lg), Notomys alexis (Na), Pseudomys desertor (P d), Pseudomys fieldi (P 
f), Pseudomys nanus (P n), Rattus tunneyi (R t), Notomys longicaudatus (N I), Zyzomys pedunculatus (Z p), 
Leporillus conditor (L c), and Mesembriomys macrurus (M m). 
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FIGURE 6 Separate numbers of upper (left column in each pair) and lower (right column) first molar teeth in complete 
jaws (black fill), in jaw bone fragments (grey fill) or isolated first molars (white fill), retained by (above the 
horizontal line) or lost through (below the line) a 3 mm sieve, represented by the horizontal line across the 
middle of the figure, from 12 rodent species from Quarry Cave, arranged by size of first upper molar from 
smallest on the left to largest on the right. The species are, left to right: Pseudomys hermarmsburgensis (P 
h), Pseudomys chapmani (Pc), Leggadina sp. cf. L. lakedownensis (Lg), Notomys alexis (N a), Pseudomys 
desertor (P d), Pseudomys fieldi (P f), Pseudomys nanus (Pn), Rattus tunneyi (R t), Notomys longicaudatus 
(N I), Zyzomys pedunculatus (Zp), Leporillus conditor (L c), and Mesembriomys macrurus (M m). 


When both retained and lost specimens are 
considered together, the fragmented jaws (grey 
fill) only make up a substantial proportion of the 
three smallest species, particularly Pseudomys 
hermarmsburgensis. Moving up the species size 
scale, the specimens consist more and more of either 
essentially complete jaws or isolated molars. This 
pattern presumably arises because the jaws of the 
smallest species are the most fragile and those of larger 
species are more robust and resistant to causes of 
fragmentation. 

In Figure 6, the same count data as used in Figure 5 are 
separated into upper and lower jaws and molars. This plot 
shows a general pattern in most of the abundant species 
of less fragmentation of lower jaws (longer black-filled 
columns) and greater retention of lower molars in bone, 
resulting in better retention of lowers than uppers by 
the 3 mm sieve (columns above the horizontal line). The 
five species of Pseudomys , Rattus tunneyi and Zyzomys 
pedunculatus are consistent with this pattern in showing 
greater numbers of isolated upper than lower molars, 
most of which are not retained (white-filled columns 
below the line). The Leggadina (Lg) and Notomys 


longicaudatus , show the opposite pattern, with more 
isolated lower molars not retained. Although Notomys 
alexis shows more isolated upper molars than lowers, the 
numbers not retained are equal. 

Both Figures show that the isolated molars of the 
three rat-sized species (R t, N l and Z p) lie at the 
threshold of retention on a 3 mm sieve. This pattern is 
analyzed in detail in a separate section below. 

The specimens not retained by the 3 mm sieve were 
then screened on a 1.63 mm sieve, and the results are 
shown in Figure 7. Almost all specimens that included 
any bone attached to the first molars were retained on 
the 1.63 mm sieve. But not only did most of the isolated 
molars of the three small mice fall through the 1.63 
mm mesh (as well as the 3 mm), so did a few of those 
of the large mice. All isolated first molars of rat-sized 
and larger species were retained by the 1.63 mm sieve. 

EFFECTS OF DIFFERENTIAL RECOVERY ON RODENT 
NISP FROM QUARRY CAVE 

The results of the sieving experiments with 3 mm and 
1.63 mm sieves, above, raise the question of what effect 
the differential recovery would have upon any NISP 




































of first molars in jaws or jaw fragments or isolated 
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[number of identified specimens] or MNI [minimum 
number of individuals] figures generated from those 
sieve residues for the Quarry Cave rodent species. 
Percentages of total NISP of each of the 12 species 
retained in the three sieve fractions are given in Table 1. 
Percentages, rather than raw count figures, are used to 
enable comparisons to be made between the species 
present in different abundances. Percentage values for 
the nine most abundant (and smallest) species in the two 
larger sieve fractions are plotted in Figure 8 (overleaf). 
(The sample sizes for the three largest species are too 
small for the data to be meaningful.) Figure 8 also 
summarises much of the content of Figures 5-7. 

With one exception, the percentage figures for the 
3 mm sieve show a surprising uniformity through 
both the small and medium-sized mice of about 1/3 of 
NISP retained, i.e. about 2/3 lost through that sieve. 
Specimens of these six species constitute about 68% of 
the total NISP from the bulk sample (1084 of 1585). The 
combined values for the 1.63 and 3 mm sieves plotted in 
Figure 8 are intended to simulate the effect of sieving 
the whole sample of bulk material with just a 1.63 mm 
sieve, and are contingent upon the assumption that all 
specimens retained by the 3 mm sieve would also have 
been retained by the 1.63 mm sieve if used alone. While 
there is a general trend to greater retention of larger 
species, with the two rat-sized species reaching 100% 
retention by the 1.63 mm sieve, inter-species variation 
in retention is still large even on the finer sieve. 

The relative abundance figures (Table 2, overleaf) 
for both sieve fractions, but particularly the 3 mm, 
show closed array effects. For example, the relative 
abundance of Notomys longicaudatus in the 3 mm is 
approaching twice that in the whole sample, probably 


TABLE 1 Percent figures (rounded to two places of decimals) of total NISP for each Quarry Cave rodent species 
retained in each of the three sieve fractions. Species are listed by size of first upper molar from smallest at 
the top to largest at the bottom. 


Species 

3 mm sieve 

1.63 mm sieve 

0.71 mm sieve 

Pseudomys hermannsburgensis 

43.09 

16.63 

40.28 

Pseudomys chapmani 

37.21 

6.98 

55.81 

Leggadina sp. cf. L. lakedownensis 

56.06 

21.21 

22.73 

Notomys alexis 

34.78 

61.59 

3.62 

Pseudomys desertor 

29.82 

61.40 

8.77 

Pseudomys fieldi 

30.00 

65.71 

4.29 

Pseudomys nanus 

30.04 

51.33 

18.63 

Rattus tunneyi 

59.20 

40.80 

0.00 

Notomys longicaudatus 

76.59 

23.41 

0.00 

Zyzomys pedunculatus 

69.57 

30.43 

0.00 

Leporillus conditor 

100.00 

0.00 

0.00 

Mesembriomys macrurus 

66.67 

33.33 

0.00 


Ph 

a 


Lg 


0f4U 


1.63 mm sieve 

Rt 

NI 


ZP Mi 


Lost through 1.63 mm sieve 
but retained on 0.71 mm sieve 


species . . . to . 


largest 


FIGURE 7 Combined numbers of upper and lower first 
molar teeth in complete jaws (black fill), in 
jaw bone fragments (grey fill) or isolated 
first molars (white fill), retained by (above 
the horizontal line) or lost through (below 
the line) a 1.63 mm sieve, represented by 
the horizontal line across the middle of 
the figure, from 11 rodent species from 
Quarry Cave, arranged by size of first upper 
molar from smallest on the left to largest 
on the right. The species are, left to right: 
Pseudomys hermannsburgensis (P h), 
Pseudomys chapmani(Pc), Leggadinasp. cf. 
L. lakedownensis (Lg), Notomys alexis (N a), 
Pseudomys desertor (P d), Pseudomys fieldi 
(P f), Pseudomys nanus (Pn), Rattus tunneyi 
(R t), Notomys longicaudatus (NI), Zyzomys 
pedunculatus (Z p), and Mesembriomys 
macrurus (M m). 
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because differential recovery has reduced the numbers 
of specimens of the smaller species and artificially 
raised the proportions of the better-retained abundant 
larger species. But, again, this view of the data 
highlights variability in retention between the species 
as the most important factor affecting their relative 
abundances in the two sieve fractions. This is probably 
because the differences in morphology of the species, 
even though minor, have a major effect upon their 
differential retention in sieves. To test whether the 
sieving had statistically significantly biased the relative 
abundances, the null hypothesis used was that the 
two sieves retain the species in the same proportions 
as they occur in the whole sample. The very high X 2 
values (Table 2; for calculations see Appendix Table 
A3) indicate that the results are highly statistically 
significantly different from expected, when compared 
with critical values of the chi-square distribution, and 
the null hypothesis is rejected. Clearly the relative 
abundances have been biased by the sieving. 

Both zooarchaeologists and palaeontologists routinely 
calculate diversity indices for fossil faunal assemblages 
with large sample sizes, to investigate the species 
richness, evenness and heterogeneity of the prey samples, 
and the dietary breadth of the accumulating predators, 
particularly when these include humans. Indices were 
calculated for the Quarry Cave rodent data for the 
whole sample and two sieve fractions listed in Table 2, 
to determine whether the indices have been biased by 
the sieving. We used formulae from May (1975), but 

TABLE 2 NISP and relative abundances (%NISP rounded to 2 places of decimals, figures in italics) of the Quarry Cave 
rodent species in the whole sample and two sieve fractions. Species are listed by size of first upper molar 
from smallest at the top to largest at the bottom. 

Whole sample 3 mm sieve only 3 mm + 1.63 mm sieves 


Species 

NISP 

% 

NISP 

% 

NISP 

% 

Pseudomys hermannsburgensis 

427 

26.94 

184 

25.17 

255 

20.17 

Pseudomys chapmani 

129 

8.14 

48 

6.57 

57 

4.51 

Leggadina sp. cf. L. lakedownensis 

66 

4.16 

37 

5.06 

51 

4.03 

Notomys alexis 

138 

8.71 

48 

6.57 

133 

10.52 

Pseudomys desertor 

57 

3.60 

17 

2.33 

52 

4.11 

Pseudomys fieldi 

70 

4.42 

21 

2.87 

67 

5.30 

Pseudomys nanus 

263 

16.59 

79 

10.81 

214 

16.93 

Rattus tunneyi 

201 

12.68 

119 

16.28 

201 

15.90 

Notomys longicaudatus 

205 

12.93 

157 

21.48 

205 

16.22 

Zyzomys pedunculatus 

23 

1.45 

16 

2.19 

23 

1.82 

Leporillus conditor 

3 

0.19 

3 

0.41 

3 

0.24 

Mesembriomys macrurus 

3 

0.19 

2 

0.27 

3 

0.24 

Totals 

1585 

100.00 

731 

100.01 

1264 

99.99 

A 2 



83.925 


72.411 


P = 



<0.001 


<0.001 




Ph Pc Lg Na Pd Pf Pn Rt N I 

smallest . . . species . . . to . . . largest 


FIGURE 8 Percent of total NISP for the nine most 
abundant (and smallest) rodents in the 
Quarry Cave assemblage retained on the 
3 mm sieve alone (filled black circles) and 
on the 3 mm + 1.63 mm sieves (filled black 
triangles). Species arranged by size of first 
upper molar from smallest on the left to 
largest on the right. The species are, left to 
right: Pseudomys hermannsburgensis (P 
h), Pseudomys chapmani (P c), Leggadina 
sp. cf. L. lakedownensis (Lg), Notomys 
alexis (N a), Pseudomys desertor (P d), 
Pseudomys fieldi (P f), Pseudomys nanus 
(P n), Rattus tunneyi (R t) and Notomys 
longicaudatus (NI). 
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reverted to X (rather than C) as the symbol for the index 
of concentration, as used by Simpson (1949). The results 
(Table 3) show that the 3 mm + 1.63 mm fraction is both 
the most even and most heterogeneous, and that the whole 
sample is intermediate between it and the 3 mm fraction 
on both measures. But all have the same species richness, 
and overall the differences in the values of the indices are 
small, suggesting that little bias has been introduced. 

ANALYSIS OF ISOLATED FIRST MOLARS OF 
TWO RODENTS AT THE THRESHOLD OF RETENTION 
ON THE 3 MM SIEVE 

As noted above, Figures 5 and 6 show that the 
isolated first molars of the three rat-sized species lie 
at the threshold of retention on a 3 mm sieve. Sample 
sizes of only two of them, Rattus tunneyi and Notomys 


longicaudatus, however, are large enough to investigate 
in detail. Four measurements were made on each 
isolated molar (Appendix Tables A5 and A6), and the 
molar was assigned to one of five age classes based 
on the criteria in Appendix Table A4. The standard 
measurements of crown length and crown width 
(excluding teeth in which damage affected either of 
those dimensions) are summarised in Table 4. In every 
case the means of both measurements of molars retained 
by the 3 mm sieve, upper and lower in both species, 
are slightly larger than those of the molars that were 
not retained, but the difference is always less than one 
standard deviation, and in many instances much less. 
This is consistent with the general pattern that smaller 
teeth (of smaller species) are more likely to fall through 
the sieve (e.g. Figure 5). 


TABLE 3 Quantified measures of the species richness (S, number of species), evenness (Simpson diversity index, 1/A; 

where X = Yj>?) and heterogeneity (Shannon index, H=~Y J p i In p t ) of the Quarry Cave rodent assemblages in 
the whole sample and two sieve fractions. 



Whole sample 

3 mm sieve only 

3 mm + 1.63 mm sieves 

Species richness (S') 

12 

12 

12 

Evenness (1/A) 

6.5651 

6.2219 

7.1159 

Heterogeneity ( H ) 

2.0694 

2.0340 

2.1058 


TABLE 4 Crown lengths and crown widths (in millimetres) of isolated first molars of Rattus tunneyi and Notomys 
longicaudatus from Quarry Cave, excluding crowns with damage affecting either of those dimensions. 

Standard 



3 mm sieve 

Mean 

deviation 

Range 

n 

Rattus tunneyi 

Crown length first upper molars 

Retained 

3.231 

0.102 

2.96-3.40 

32 


Not retained 

3.224 

0.163 

2.86-3.52 

38 

Crown width first upper molars 

Retained 

2.160 

0.087 

2.00-2.30 

33 


Not retained 

2.108 

0.072 

1.92-2.28 

40 

Crown length first lower molars 

Retained 

2.806 

0.106 

2.62-2.94 

10 


Not retained 

2.720 

0.097 

2.52-2.90 

34 

Crown width first lower molars 

Retained 

1.820 

0.124 

1.62-1.96 

10 


Not retained 

1.795 

0.103 

1.60-2.06 

37 

Notomys longicaudatus 

Crown length first upper molars 

Retained 

3.283 

0.143 

2.94-3.54 

39 


Not retained 

3.206 

0.193 

2.80-3.54 

14 

Crown width first upper molars 

Retained 

2.299 

0.075 

2.16-2.48 

44 


Not retained 

2.247 

0.098 

2.10-2.40 

14 

Crown length first lower molars 

Retained 

3.146 

0.085 

2.96-3.30 

24 


Not retained 

3.113 

0.105 

2.86-3.34 

19 

Crown width first lower molars 

Retained 

2.089 

0.066 

1.94-2.22 

28 


Not retained 

2.063 

0.092 

1.86-2.20 

30 
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Plots of height against diagonal length (including 
measurements of damaged teeth), however, show more 
interesting patterns, particularly the isolated first upper 
molars of Rattus tunneyi (Figure 9). 

While there is some ‘noise’ in Figure 9 from chance 
effects — the longest tooth was not retained (circular 
symbol, top right) and the shortest was retained (square 
symbol, bottom left) — there is a general pattern of 
retention of long, tall teeth and a loss of the smaller 
teeth. The age classes also correlate with this pattern: 
there is a preponderance of retained older individuals 
(open square symbols) in the upper right quarter of the 
plot, and not retained youngest age class (filled black 
circular symbols) in the lower left quarter. 

The pattern in Figure 9 suggests that the threshold of 
retention for first upper molars of Rattus tunneyi lies 
just above 4.2 mm diagonal length. This distribution 
is explored in more detail in Figure 10, which is 
plotted using an abscissa that is common to all 
four such plots (Figures 10, 12, 14 and 16) to make 
them more easily comparable. Figure 10 shows 
that loss is much greater for teeth with a diagonal 
length less than 4.24 mm, which is also the diagonal 
dimension of a 3 mm square sieve mesh aperture 



Diagonal length of upper Ml (mm) 


FIGURE9 Bivariate scatter plot of height versus 
diagonal length of isolated first upper 
molars of Rattus tunneyi from Quarry Cave. 
Squares = retained on a 3 mm sieve; circles 
= not retained. Filled black symbols = age 
class 1; thick line open symbols = age class 
2; thin line open symbols = age class 3+. 


(more precisely Vl8 = 4.2426+ mm), and that the majority 
of the lost molars are age class 1. 

The plot of height against diagonal length of the 
isolated first lower molars of R. tunneyi (Figure 11) 
shows a much tighter correlation between the variables, 
and that the vast majority of those molars were not 
retained by the 3 mm sieve. 

The distribution plot for the isolated lower molars 
(Figure 12) not only emphasises the high proportion 
of molars not retained, probably because most are 
below 4.24 mm diagonal length, but also shows that 
the youngest age class teeth were almost all among 
those lost. 

Although the pattern in the isolated first upper 
molars in particular suggests that the differential 
recovery introduces a demographic bias, this is not 
statistically significant for those molars alone (Table 
5a), probably because the sample size is too small. But 
when all first molars, both upper and lower, including 
those still in jaw bones (all of which were retained by 
the 3 mm sieve), are incorporated into the analysis, the 
result is statistically significant (Table 5b). Screening 
Rattus tunneyi material with a 3 mm sieve can bias the 
demographic structure of the retained specimens. 



Diagonal lengths of upper Mis in 0.2 mm bins 


FIGURE 10 Distribution of diagonal lengths of isolated 
first upper molars of Rattus tunneyi from 
Quarry Cave, retained on a 3 mm sieve, or 
not retained, plotted in 0.2 mm bins. Black 
fill = age class 1; grey fill = age class 2; 
white fill = age class 3+. 
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FIGURE 11 Bivariate scatter plot of height versus 
diagonal length of isolated first lower 
molars of Rattus tunneyi from Quarry Cave. 
Squares = retained on a 3 mm sieve; circles 
= not retained. Filled black symbols = age 
class 1; thick line open symbols = age class 
2; thin line open symbols = age class 3+. 



Diagonal lengths of lower Mis in 0.2 mm bins 


FIGURE 12 Distribution of diagonal lengths of isolated 
first lower molars of Rattus tunneyi from 
Quarry Cave, retained on a 3 mm sieve, or 
not retained, plotted in 0.2 mm bins. Black 
fill = age class 1; grey fill = age class 2; 
white fill = age class 3+. 


TABLE 5 Chi-square tests of statistical significance of the demographic pattern of (a) isolated first upper molars alone 
and (b) all first molars, upper and lower, including those still in jaw bones, of Rattus tunneyi from Quarry 
Cave, using the null hypothesis that age classes in the molars retained by the 3 mm sieve will be in the same 
proportion as in the whole sample (Total column). All calculated figures rounded. 


Retained 

Not retained 

Total 

Expected 

(0-EY/E 

(a) Isolated first upper molars alone 






Age class 1 

11 

22 

33 

14.2 

0.7221 

Age class 2 

17 

16 

33 

14.2 

0.5510 

Age class 3+ 

6 

7 

13 

5.6 

0.0293 

Totals 

34 

45 

79 

34 

1.3025 

A 2 





1.303 

doff 





2 

P 





>0.5 NS 

(b) All first molars, upper and lower, 

including those still in jaw bones 




Age class 1 

13 

39 

52 

30.8 

10.2756 

Age class 2 

58 

27 

85 

50.3 

1.1710 

Age class 3 

44 

12 

56 

33.2 

3.5480 

Age class 4+ 

4 

4 

8 

4.7 

0.1145 

Totals 

119 

82 

201 

119 

15.1091 

X 2 





15.109 

doff 





3 

P 





<0.005 
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FIGURE 13 Bivariate scatter plot of height versus 
diagonal length of isolated first upper 
molars of Notomys longicaudatus from 
Quarry Cave. Squares = retained on a 3 
mm sieve; circles = not retained. Filled 
black symbols = age class 1; thick line 
open symbols = age class 2; thin line open 
symbols = age class 3+. 



FIGURE 15 Bivariate scatter plot of height versus 
diagonal length of isolated first lower 
molars of Notomys longicaudatus from 
Quarry Cave. Squares = retained on a 3 
mm sieve; circles = not retained. Filled 
black symbols = age class 1; thick line 
open symbols = age class 2; thin line open 
symbols = age class 3+. 



Diagonal lengths of upper Mis in 0.2 mm bins 


FIGURE 14 Distribution of diagonal lengths of 
isolated first upper molars of Notomys 
longicaudatus from Quarry Cave, retained 
on a 3 mm sieve, or not retained, plotted in 
0.2 mm bins. Black fill = age class 1; grey 
fill = age class 2; white fill = age class 3+. 



Diagonal lengths of lower Mis in 0.2 mm bins 


FIGURE 16 Distribution of diagonal lengths of 
isolated first lower molars of Notomys 
longicaudatus from Quarry Cave, retained 
on a 3 mm sieve, or not retained, plotted in 
0.2 mm bins. Black fill = age class 1; grey 
fill = age class 2; white fill = age class 3+. 
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The isolated molars of Notomys longicaudatus were 
measured in the same way as those of Rattus tunneyi. 
The crown lengths and crown widths of N. longicaudatus 
molars show the same pattern as those of R. tunneyi (see 
Table 4). Heights versus diagonal lengths of the upper 
molars of N. longicaudatus are plotted in Figure 13. 

The points group in the top right quarter of Figure 
13, probably because, although the upper molars of 
N. longicaudatus are only slightly larger than those of R. 
tunneyi , most of the teeth were retained, as emphasised by 
Figure 14. 

Heights versus diagonal lengths of the lower molars are 
plotted in Figure 15, which shows a fairly tight correlation 
between the dimensions, and that retained and lost teeth 
are fairly evenly distributed through the size range, as 
shown by the lack of a clear pattern in Figure 16. 

Chi-square tests of the age class distributions of the 
N. longicaudatus molars yielded A 2 values of 0.883 for 
isolated uppers alone and 5.322 for all molars, returning 
statistically non-significant probabilities of >0.5 and >0.1, 
respectively. Demographic bias cannot be demonstrated in 
Notomys longicaudatus. 

CALADENIA CAVE RODENTS 

The fossil rodent fauna from Caladenia Cave includes 
seven abundant species consisting of one small mouse 
Pseudomys albocinereus (Ash-grey Mouse), three 
large mice Pseudomys occidentals (Western Mouse), 
Pseudomys fieldi (Shark Bay Mouse), Notomys sp. 
indet. (small hopping-mouse), and three rats Pseudomys 
shortridgei (Heath Rat), Rattus fuscipes (Bush Rat) and 
Rattus tunneyi (Pale Field-rat). Isolated first molars, both 
upper and lower, of all seven can be distinguished at the 
species level. Results comparable to those from Quarry 
Cave were obtained when rodent remains originally 
recovered on a 1 mm sieve from the deposit in Caladenia 
Cave were gently dry-screened using a 3 mm sieve. 
The raw count data (Appendix Table A7) are plotted in 
Figure 17. Again, large proportions of most species fell 
through, including all specimens of both Rattus species. 

B00DIE CAVE, BARROW ISLAND 

The rodent results for the three sieve fractions from 
one particularly rich excavation unit in the A107 
archaeological excavation in Boodie Cave on Barrow 


Island (Veth et al. 2014, 2017), are shown in Table 6 
(overleaf). An estimate of the live biomass of just the 1 
mm fraction has been generated using mean adult body 
weight data. The 2 mm sieve recovered 29 times the 
number of rodent remains recovered by the 4 mm, and 
the 1 mm recovered 27 times that recovered by the 2 
mm. That is to say, if the smallest sieve used had been 
the 2 mm, over 96% of the rodent specimens would have 
been lost, a point emphasised by Figure 18. 



FIGURED Combined numbers of upper and lower 
first molar teeth in complete jaws (black 
fill), in jaw bone fragments (grey fill) or 
isolated first molars (white fill), retained by 
(above the horizontal line) or lost through 
(below the line) a 3 mm sieve, represented 
by the horizontal line across the middle 
of the figure, from seven rodent species 
from Caladenia Cave, arranged by size of 
first upper molar from smallest on the left 
to largest on the right. The species are, 
left to right: Pseudomys albocinereus (P a), 
Pseudomys occidental is (P o), Pseudomys 
fieldi (P f), Notomys sp. indet. (N), 
Pseudomys shortridgei (P s), Rattus 
fuscipes (R f) and Rattus tunneyi (R t). 


n 4 mm 

C/D 

o 2 mm 
> 

0 . 

^ 1 mm 


0 100 200 300 400 500 600 700 800 

Total number of rodent first molars 



10 

1 1 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


FIGURE 18 


Total numbers of rodent first molars in jaw bone fragments (grey fill) or as isolated teeth (white fill) in each 
of three wet-screened sieve fractions from unit 34 of the A107 archaeological excavation in Boodie Cave, 
Barrow Island, Western Australia. Data from Table 6. 


















16 


ALEXANDER BAYNES, CASSIA J. PIPER AND KAILAH M. THORN 


TABLE 6 NISP and MNI of rodent first molars in three immersion wet-screened sieve fractions from unit 34 of the 
A107 archaeological excavation in Boodie Cave, Barrow Island, Western Australia (Veth et al. 2014, 2017). NISP 
data combine upper and lower and left and right molars. The numbers in brackets are the portions of the 
NISP for each species that are in jaw bone fragments. Species are arranged in order of first molar size from 
smallest at the top to largest at the bottom. Weight data sourced from species accounts by relevant authors in 
Strahan (1995). 



4 mm sieve 

NISP 

2 mm sieve 

NISP MNI 

1 mm sieve 

NISP MNI 

Weight 

(g) 

1 mm live 
biomass (g) 

Pseudomys delicatulus 

0 

5(4) 

3 

298(30) 

92 

10 

920 

Pseudomys Hermann sb nr gen sis 

0 

10(10) 

5 

198(28) 

54 

12 

648 

Pseudomys chapmani 

0 

2(2) 

2 

65(7) 

18 

12 

216 

Leggadina sp. cf. L. lakedownensis 

0 

2(1) 

1 

33(5) 

12 

17 

204 

Zyzomys argurus 

0 

0 

0 

1(0) 

1 

36 

36 

Notomys alexis 

1(1) 

2(1) 

2 

66(5) 

22 

35 

770 

Pseudomys desertor 

0 

1(0) 

1 

18(0) 

6 

25 

150 

Pseudomys fieldi 

0 

1(1) 

1 

12(0) 

4 

40 

160 

Pseudomys nanus 

0 

1(1) 

1 

64 (0) 

17 

34 

578 

Rattus tunneyi 

0 

2(1) 

1 

15(0) 

5 

120 

600 

Notomys longicaudatus 

0 

3(1) 

3 

6(0) 

5 

80 

400 

Zyzomys pedunculatus 

0 

0 

0 

4(0) 

2 

110 

220 

Notomys amplus 

0 

0 

0 

3(0) 

1 

100 

100 

Totals 

1(1) 

29(22) 

20 

783(71) 

239 


5002 

% of total NISP 

0.12 

3.57 


96.31 





DISCUSSION 

The 3 mm sieve experimental set-up that we used 
for Quarry Cave materials differs in one important 
aspect from wet-screening excavated sediments under 
field conditions, when carried out by placing nested 
screens in a water bath and repeatedly raising and 
lowering them until loss of fine sediment ceases. This 
gives multiple opportunities for larger particles such as 
bones or teeth to be lifted by the water from the mesh 
surface and change orientation, increasing their chances 
of presenting their minimum dimensions to the mesh 
during the next cycle and falling through. In our set-up, 
water flowing from the hose probably moved specimens 
around on the sieve, but we suspect not as much as in 
immersed screening. On the other hand, because the 
Quarry Cave sediments had been in store for more than 
a decade they were very dry and required prolonged 
hosing to wet them and complete sieving of each batch, 
which probably increased movement. On balance it 
was probably less, and in particular less evenly spread 
across the sieve. That unevenness may explain such 
apparent anomalies as retention of the smallest isolated 
upper molar of each of Rattus tunneyi and Notomys 
longicaudatus (Figures 9 and 13). 


Materials in Quaternary fossil assemblages almost 
always show some degree of fragmentation. The 
taphonomic histories of archaeological accumulations 
often cause severe fragmentation (e.g. Thomas 1969; 
Shaffer 1992; Muckle 1994; Nagaoka 2005), in particular 
due to human food extraction techniques (e.g. Noe- 
Nygaard 1977) and trampling (e.g. Gifford-Gonzalez et 
al. 1985). Apart from often dislodging the first molar 
teeth, damage to murid jaws causes changes in overall 
shape which in turn increase the probability of the bones 
falling through sieves. A dissociated but unbroken murid 
maxilla is roughly the shape of a pyramid with a three- 
sided base. The proximal zygomatic arch on the maxilla 
from a small murid can act like a grappling-hook and 
catch on the wire mesh of a sieve while the rest of the 
bone falls through, as observed during our experiments. 
If the relatively fragile zygomatic plate has been broken 
off, the remaining alveolar plate, with or without molars, 
is approaching rod-shaped and able to fall through a 
much smaller aperture. A complete lower jaw is roughly 
disc-shaped, and slightly larger and somewhat more 
robustly built than a maxilla from the same species, so 
would be expected to be less fragmented and more likely 
to be retained. While our Quarry Cave results did show 
greater retention of lower than upper first molars by the 




DIFFERENTIAL RECOVERY OF RODENT REMAINS 


17 


3 mm sieve (Figure 6), this was mainly because a higher 
proportion of lower first molars remained in jaw bones. 

The degree of fragmentation of the murid jaws from 
the Quarry Cave deposit is intermediate between the 
severe level often found in archaeological deposits and 
the intact bone of fully protected owl accumulations. 
The bone is fairly fragile, probably because of the 
relatively damp conditions of the nearly enclosed cave. 
The most important fragmenting agents were probably 
six subadult Petrogale lateralis (Black-flanked Rock- 
wallabies), which had apparently squeezed in through 
the shallow entrance but were then unable to escape 
from the cave, and whose skeletons were found lying on 
the floor surface. They probably roamed around looking 
for an exit before succumbing to starvation and/or 
dehydration. The small mammal bone also shows a few 
more recent breaks inflicted by the shovel used for bulk 
sample collection. The murid jaw bones from Quarry 
Cave are nevertheless almost all sufficiently intact to 
be identifiable to species even after they have lost their 
first molar teeth, which is in strong contrast to much of 
the bone from many archaeological deposits. 

Preservation of bone material in the Caladenia Cave 
deposit is good at the surface but deteriorates towards 
the bottom of the deposit, where the bone is dark brown 
and sufficiently fragile that some fragmentation would 
have been caused by excavation. The effect of a 3 mm 
sieve could only be investigated using rodent remains 
originally collected on the 1 mm sieve, and that was 
only used for the lower layers. The fragmentation 
probably increased the (large) proportion of specimens 
that fell through (Figure 17). These included all 
specimens of both species of Rattus , which would 
not have been recorded in the fauna of that spit if the 
3 mm sieve had been used at the time of excavation. 
The deposit does include a minor archaeological 
component (Monks et al. 2014; Thorn et al. 2017), and 
some fragmentation of bones of larger fauna such as 
macropods was probably caused by humans, but the 
small mammals were mainly accumulated by owls 
and their bones were probably fragmented by other 
taphonomic factors, possibly including trampling. 

The results of the sieving experiments clearly 
show that, if the bone material in a deposit is at all 
fragmented, a 3 mm sieve (the metric equivalent 
of l/8th inch) is not fine enough to recover key 
identifiable skeletal remains of Australian native 
rodents, without biasing the results to a highly 
statistically significant extent (Table 2). Nor is a 1.63 
mm sieve (the approximate metric equivalent of l/16th 
inch) fine enough to completely recover the isolated first 
molar teeth of all species smaller than rats. Such molars 
may become isolated as a result of separation from the 
jaw bones during digestion or mastication by a predator, 
preparation of human food, pre-depositional mechanical 
damage of the jaws on the cave floor surface, or 


weakening of jaw bone by chemical processes in the 
deposit, especially in the deeper layers, followed by 
disintegration in the rigours of excavation and/or 
sieving (especially dry sieving). 

Our results show that there is significant inter-species 
variation in the way in which this differential recovery 
affects Australian rodents. For example, as illustrated in 
Figure 6, the five species of Pseudomys , the Rattus and 
the Zyzomys from Quarry Cave show a common pattern 
of greater loss of upper molars than lower molars 
through a 3 mm sieve, whereas Leggadina and Notomys 
longicaudatus show the opposite pattern of greater loss 
of lower molars, and in Notomys alexis they are equal. 
These patterns probably reflect the morphologies of 
the molar teeth. Upper molars of those five species of 
Pseudomys , Rattus tunneyi and the Zyzomys are all 
relatively low-crowned, with strongly backward sloping 
cusps, short vertical posterior and lingual roots but less 
vertical anterior roots, whereas the upper molars of both 
species of Notomys have relatively tall crowns with 
more upright cusps and relatively vertical roots. The 
lower molars of all those species have taller crowns and 
more robust and vertical roots than the upper molars of 
the same species. The Leggadina appears anomalous 
because it too has low-crowned upper molars, but it also 
has low-crowned lower molars, and it is the only species 
in which a higher proportion of the lower molars than 
the upper molars is separated from its jaw bones (Figure 
6). The variation in retention on sieves in turn affects 
the patterns of relative abundance (Figure 8). 

The differential recovery does not, however, appear to 
substantially bias indices of rodent diversity calculated 
from the various sieve fractions (Table 3). This may be 
partly because the coarsest sieve used, the 3 mm, is fine 
enough to retain substantial numbers of remains of all 
of the rodent species in the Quarry Cave assemblage, 
but also because the rodents are only one component 
of the mammal assemblage, which includes remains 
of medium-sized insectivorous/omnivorous marsupials 
(bandicoots) and small carnivorous/insectivorous 
marsupials (dasyurids) each of which would have 
different recovery properties. Diversity indices for the 
full assemblage might show greater bias. 

Measurement of the isolated molars of Rattus 
tunneyi and Notomys longicaudatus from Quarry Cave 
yielded two clear results. It confirmed the suggestion 
by Lyman (2012) that the diagonal dimension of the 
sieve mesh is at least as important in retention or 
loss of small objects as the side dimension. It also 
demonstrated that differential recovery can bias the 
demographic composition of retained specimens to 
a statistically significant extent (Table 5), but only if 
the morphological structures in question change in 
size with age and/or taphonomic history and their size 
range precisely spans the threshold of retention. The 
freshly erupted molars of subadult murids have short, 
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very thin-walled open roots which are fragile and 
more likely to be further shortened or even removed 
completely by breakage, leaving only an enamel crown, 
during separation or post-depositional handling, further 
reducing the size of the teeth and making them more 
likely to be lost through a sieve. This was epitomised 
by a specimen of the largest molar of the largest rodent 
in the Quarry Cave fauna falling through the 3 mm 
sieve, because its roots had been broken off leaving 
a rod-shaped crown. In contrast, molars from older 
individuals of all murids have closed, longer, sturdier 
roots which are less likely to be broken (see also Figure 
4), making the teeth more likely to be retained on a 
sieve if isolated, but also more likely to remain in jaw 
bones. 

Recent remains of Rattus tunneyi from sites along 
the west coast of Australia show a cline in upper molar 
size (Baynes 1989). The animals in the population 
that originally occurred on the northern Swan Coastal 
Plain, between latitudes 29°S and 32°S, were larger 
than those from Quarry Cave (at about 22°S latitude), 
probably because in that more southern region they 
were sympatric with the smaller Rattus fuscipes , the 
Bush Rat of southern Australia. The crown widths of 
first upper molars of R. tunneyi from a cave in 30°S 
latitude average 2.41 mm (range 2.24-2.57 mm, n = 
58; unpublished data of Baynes), which is considerably 
larger than the Quarry Cave first upper molars (mean 
crown width = 2.16 mm, range 1.92-2.30, n = 73; 
Table 4), with hardly any overlap. Assuming that the 
proportions of the molars of the southern population 
are the same as those from Quarry Cave, this suggests 
that their mean diagonal length would be about 4.80 
mm, even larger than the Quarry Cave Notomys 
longicaudatus mean of 4.57 mm, and too large for 
screening with a 3 mm sieve to bias the demographic 
structure of that population of R. tunneyi , because they 
would not span the threshold of retention. This suggests 
that the effects of differential recovery can differ as a 
result of intra-specific variability as well as the inter¬ 
specific variability noted above. 

Demographic effects can be important in the analysis 
of any assemblage in which age class representation is 
integral to its interpretation. For example, the isolated 
molars of Notomys amplus (Short-tailed Hopping- 
mouse) from an archaeological excavation in Morgan’s 
Cave, on the Montebello Islands off north-western 
Australia (see Figure 1) (Veth 1993), included high 
proportions of completely or nearly unworn isolated 
enamel crowns compared to both conspecific material 
from an owl accumulation and other rodent species 
from the same deposit (Piper 2014). This led to the 
suggestion that they might have come from pre-recruit 
nestling animals dug from their burrows by humans 
for food, rather than owl predation. But the alternative 
explanation for the apparently anomalous pattern is 
that N. amplus has the largest molars in that rodent 


fauna, and it was the only species in the assemblage 
whose isolated molar crowns from the most juvenile 
individuals were retained by the 3 mm sieve when dry 
screened (Piper 2014). On the other hand, if immersion 
wet screening is used, providing the opportunity for 
multiple orientations, isolated enamel crowns of N. 
amplus are not retained by even a 2 mm sieve (Table 6). 

The experimental results show that the optimum 
sieve size for recovery of identifiable Australian murid 
remains lies between 0.71 mm and 1.63 mm. The faunal 
results from Boodie Cave on Barrow Island (Table 6) 
demonstrate that a 1 mm sieve is adequate to recover 
isolated first molars of all Australian native rodents 
because Pseudomys delicatulus (Delicate Mouse) 
is the smallest extant species of rodent in Australia 
(Braithwaite and Covacevich 1995), with the smallest 
molars. They also show that when the molars are 
reduced to just enamel crowns and immersed wet¬ 
screening is used, a 2 mm sieve fails to recover most 
of the isolated teeth of not only mice but rat-sized 
rodents as well (up to and including the two largest 
rodent species in that Barrow Island sample). In this 
context, it is also noteworthy that Mus musculus (the 
introduced House Mouse), whose presence in a fauna 
is an important indicator of European settlement, 
has larger first molars, both upper and lower, than 
P. delicatulus , so identifiable remains of that species 
should also be retained by a 1 mm sieve. A 1 mm sieve 
may not, however, be fine enough to retain diagnostic 
teeth of tiny marsupials, such as species of Planigale 
or Ningaui, also present in many Australian owl 
accumulations, and is almost certainly too coarse to 
retain diagnostic bones of small lizards such as the 
frontal, maxilla and quadrate or the several bones 
that make up the lower jaws, because all are long and 
narrow. 

The results also clearly show that Australian rodent 
faunal lists and relative abundance data based upon 
material recovered using sieves with a mesh aperture 
larger than 1 mm, will exhibit all the kinds of bias 
identified by previous studies of differential recovery, 
detailed in the Introduction; and that these will be 
magnified by both increasing mesh size and level of 
fragmentation of the fossil assemblage. 

It is half a century since Ziegler (1965) and Thomas 
(1969) advocated quantitative treatment of faunal 
remains, as well as artefacts, from archaeological 
deposits, and Payne (1972) pointed out that coarse 
sieves reduce the sample sizes of fine materials 
available for investigation. Subsequent advances in 
ecological theory have elucidated the relationship 
between sample size and the number of species 
recorded in a fauna (e.g. May 1975; Gotelli and Colwell 
2001; Lyman and Ames 2007). Assemblages typically 
contain remains of ‘core’ species that are resident in 
the habitats that surround the sampling point and are 
persistent and generally abundant, plus vagrant species 
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that inhabit more distant habitats or are beyond their 
normal range limits, or both, and are usually rare to 
very rare in the sample (Magurran and Henderson 
2003; Sgarbi and Melo 2018). But large sample sizes 
are needed to detect the presence of the rarest species 
(e.g. Wolff 1975). Rare species can sometimes provide 
very important palaeoenvironmental information. 
For example, detection of Onychogalea unguifera 
(Northern Nail-tail Wallaby) in a midden deposit on the 
Montebello Islands (Veth et al. 2007), suggests that the 
poleward movement of the Australian summer monsoon 
in the early Holocene (Reeves et al. 2013) enabled this 
species to briefly extend its distribution at about 8 ka 
west-south-westward along what was then the northern 
coast of the mainland, by more than 600 km compared 
to its present western range limit in Kimberley (see 
Figure 1) (Piper 2014; Manne and Veth 2015). Samples 
that are large enough for their rarefaction curves to 
approach an asymptote are also highly desirable as 
input to multivariate analyses, such as correspondence 
analysis or non-metric multidimensional scaling, which 
are becoming standard in the investigation of faunal 
materials in both archaeological and palaeontological 
assemblages. 

Loss of small fauna through differential recovery can 
have major effects on inferences made by archaeologists 
about prehistoric economies and subsistence strategies 
(e.g. Gordon 1993; Nagaoka 1994; James 1997), by 
causing serious underestimation of the importance 
of the small species as human food (e.g. Stahl 1996; 
James 1997; Stewart and Wigen 2003). The 239 MNI 
of rodents in the 1 mm fraction from XU34 of the A107 
excavation in Boodie Cave (Table 6) represent some 
3-5 kg of live biomass (depending upon what 
proportion of the individuals were subadult). If they 
are the remains of human food, that would be a not 
insignificant resource to be evaluated in conjunction 
with remains of other foods from the same excavation 
unit, including large marsupials, and would not have 
been taken into consideration if only 4 and 2 mm sieves 
had been used. 

The value of palaeontological assemblages from 
archaeological excavations as sources of ecological 
information also is diminished by differential recovery. 
This particularly applies in Australia where many of the 
native mammal species have become extinct, or have 
undergone enormous reductions in geographic range, 
since European settlement (Woinarski et al. 2015). For 
example, of the 14 rodent species recorded from Quarry 
Cave (including two only found in different bulk sample 
bags than that used for the experiment) the 10 largest 
are locally extinct, five of those are extinct throughout 
the Australian mainland (though two survive on 
one island each) and one (Zyzomys pedunculatus) is 
almost extinct (the whereabouts of only a single living 
population is currently known). As a result, it is no 


longer possible to make natural history observations 
on living populations of a substantial proportion of 
the species in their original communities, and remains 
have to be used to infer pre-European distributions (e.g. 
Baynes and Baird 1992; Baynes and McDowell 2010), 
and ecological relations (e.g. Baynes 1982; Bilney et al. 
2010). For some species even their habitat requirements 
need to be inferred, by comparing relative abundances 
of species in bulk samples from assemblages, with 
the proportions of different substrates within the 
catchments of their accumulating agents (Baynes 
and Johnson 1996). Such data inferred from 
palaeontological investigations are then used to make 
palaeoenvironmental interpretations of faunal results 
from assemblages from Australian archaeological 
deposits (e.g. Veth et al. 2007). The reliability of such 
inferences wifi, however, be reduced if the data from 
the faunas, archaeological or palaeontological, are 
heavily biased by differential recovery, compared to the 
assemblages in the deposits before excavation, affecting 
the relative abundances of some species more than 
others (e.g. Gordon 1993; Nagaoka 1994). In particular, 
abundance and taphonomic data that might have been 
used to distinguish owl-accumulated fauna from human 
food can be compromised if substantial proportions of 
remains of the small species have not been recovered 
(e.g. Stahl 1996). The smallest sieve size used in the 
Montebello excavations was 3 mm (Veth 1993; Veth 
et al. 2007). Fragmentation of mammal remains in the 
deposits is severe, with many rodent jaws reduced to 
first molar alveolar fragments, often lacking molars and 
therefore usually unidentifiable to species (Piper 2014). 
The low relative abundances recorded for the smallest 
rodent species from two of the caves (Veth et al. 2007; 
Piper 2014), compared to nearby Quarry Cave and 
Boodie Cave, strongly suggest significant differential 
recovery effects. The results of our experiments 
confirmed that there are not only large losses of 
Australian rodent material through a 3 mm sieve, but 
even a 1.63 mm sieve for all species smaller than rats, 
and that these losses are highly statistically significant 
for both sieve sizes. Changes in relative abundance 
of species in a deposit caused by local environmental 
changes can be quite subtle in Australia, where late 
Quaternary climatic changes have been less extreme 
than in higher, particularly northern, latitudes. As a 
result, the effects of differential recovery can easily 
overwhelm the environmental signal. For example, a 
change of sieve size during excavation of Caladenia 
Cave was revealed by correspondence analysis to be the 
paramount factor controlling patterns in the data (Thorn 
et al. 2017). 

Although the need for reporting of full details of 
excavation methods was advocated by Payne (1972), 
many papers published as late as the 1980s still 
did not include information on the sieve sizes used 
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(Gordon 1993). A survey of a sample of the Australian 
archaeological literature shows that from the early 1990s 
details of sieve mesh size have usually been included in 
excavation reports (Table 7). Whether wet or dry sieving 
was used is less consistently reported. In compiling 
Table 7, it was generally assumed that dry sieving was 
used (listed as ‘?D’) when neither was specified. It is 
perhaps surprising that the data do not show a more 
obvious trend towards finer sieves and gentler recovery 
techniques in recent years (cf. Ball and Bobrowsky 
1987). Though this may be partly explained by the delay 
between excavation and publication. As early as 1991, 
the La Trobe school were wet-screening with nested 7, 3 
and 1 mm sieves in Tasmania (Stern and Marshall 1993), 
whereas dry-screening with nested 6 and 3 mm sieves 
was still being used in Western Australia in 2007 (Law 
et al. 2010). 

In this context, it is notable that when American 
palaeontologists Ernest L. Lundelius Jr and William D. 
Turnbull visited Australia in 1963-64 to excavate sites 
in both eastern and western Australia (e.g. Lundelius 
and Turnbull 1973), they brought with them a nested 
set of sieves with 7.0 mm, 2.5 mm and 0.5 mm mesh 
apertures, which had been built in the Field Museum 


of Natural History in Chicago (in litt. E.L.L. 23 Mar 
2019). Those sieves are still in the field equipment of the 
Western Australian Museum Department of Earth and 
Planetary Sciences. 

Two conflicting themes dominate the literature on 
differential recovery: how its biasing of faunal data 
from archaeological excavations can be so serious that 
it leads to false interpretations (e.g. Gordon 1993; James 
1997) that can only be corrected by repeating the entire 
investigation (e.g. Stewart and Wigen 2003), versus 
how the need for better recovery has to be balanced 
against the monetary and logistical costs of field work 
(e.g. Thomas 1969; Casteel 1972; Payne 1972; Ball 
and Bobrowsky 1987; Lyman 2012). We suggest that a 
paradigm shift (in the sense of a fundamental change 
in approach) in Australia to less ambitious but more 
meticulous archaeology, in which all the contents of 
a deposit are given equal weight and priority, would 
represent better value for time and money, as well 
as being likely to enable more detailed and accurate 
interpretations to be made of materials recovered from 
the deposit. It is only when investigators can be certain 
that there is no bias being introduced by the recovery 
methods that natural biases in the data, such as those 


TABLE 7 Recovery techniques used in a sample of Australian archaeological excavations. 


Site 

Year 

excavation 

begun 

Sieve size(s) 
(mm) 

Dry (D) 

or 

Wet (W) 

Fauna? 

Yes or No 

Reference 

Kutikina Cave 

1981 

3 

W 

Yes 

Garvey (2006) 

Monkey Mia shelters 1, 2 

1986 

5 

?D 

Yes 

Bowdler (1995) 

Disaster Bay middens (Tr 1, 2A) 

1989 

10 

D 

Yes 

Colley (1997) 

Disaster Bay middens (Tr 2) 

1989 

5, 1 

D/W 

Yes 

Colley (1997) 

Garnawala 1 and 2 

1990 

3 

D 

No 

David et al. (1995) 

Mackintosh 90/1 

1991 

7/3/1 

W 

Yes 

Stern and Marshall (1993) 

Montebello Is: 3 caves 

1992 

6/3 

D 

Yes 

Veth (1993) 

Carpenter’s Gap 1 

1993 

? 

- 

Yes 

O’Connor (1995) 

Tunnel Cave 

1993 

5/3 

?D 

Yes 

Dortch (2004) 

Windjana Gorge WT shelter 

1994 

6/3 

?D 

Yes 

O’Connor et al. (2008) 

Serpent’s Glen Rockshelter 

1995 

5/2 

D 

Yes 

O’Connor et al. (1998) 

Mimbi: Japi, Riwi 

1999 

5/2 

?D 

Yes 

Balme (2000) 

Otterbourne Island 4 

2002 

2.1 

D/W 

Yes 

McNiven et al. (2014) 

Bunnengalla 1 

2004 

4/2 

D 

Yes 

Slack et al. (2005) 

Bush Turkey 3 

2005 

1 

W 

No 

Veth et al. (2008) 

Murray River middens 

2007 

5/3 

? 

Yes 

Disspain et al. (2012) 

Djadjiling rockshelter 

2007 

6/3 

?D 

Yes 

Law et al. (2010) 

Boodie Cave, pit A107 

2013 

4/2/1 

W 

Yes 

Veth et al. (2014) 
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introduced by taphonomic processes, can be confidently 
identified. Some new collections, such as that from 
the A107 excavation in Boodie Cave, made to higher 
standards, provide the opportunity to prove that such 
an approach is worth the time and effort to pursue. 
Fine screen residues take much more time to generate 
(e.g. Meighan 1969), as well as to sort and identify the 
contained fauna (Ball and Bobrowsky 1987); and for 
these reasons may not be worked up immediately but 
stored, e.g. as an ‘insurance policy’ (Payne 1972), or 
even as potential future teaching materials (R.E. Morlan 
quoted by Ball and Bobrowsky 1987). The investigation 
by Lyman (2012) of 40-year-old material shows just what 
a valuable resource they can be. Storage of excavated 
archaeological materials is not without financial costs: 
decisions on where materials will be stored often 
require detailed consultations with traditional owners 
of the sites, and archival quality storage containers 
are expensive. In Australia such costs are frequently 
borne by the state museums, whose functional budgets 
as a proportion of their state’s revenues have been 
declining for decades. As part of the methodological 
change towards more complete recovery and analysis, 
archaeologists need to take into account the costs of 
curation and long term storage of excavated materials 
when planning projects. 

Our suggestion that wet screening with immersed 
sieves lets through more fine particles than sprayed 
water wet sieving or dry screening, requires more 
detailed experimental investigation to confirm it. 
There is also a need for investigation of the effects of 
differential recovery on the marsupial and small lizard 
components of Australian Quaternary assemblages, 
neither of which were considered in our study. 
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APPENDIX 

TABLE A1. Categories of completeness used in recording numbers of specimens listed in Tables A2 and A7. 
Category 

1 Complete or nearly intact jaws with first, second and third molars present. 

2 Less complete jaws, with first molar, plus second and third molars, or their empty alveoli. 

3 More damaged jaws with first molar and only second molar or its alveolus. 

4 Just first molars in bone fragments. 

5 Isolated first molars. 


TABLE A2. Raw numbers of murid specimens (left and right jaws combined) from Quarry Cave, retained on sieves with three 
different mesh apertures in each of five categories of completeness, ranging from complete jaws with all molars present (1) to 
isolated first molars (5) (details inTable A1). Species are listed from smallest at the beginning to largest at the end. 



1 

2 

3 

4 

5 

Totals 


1 

2 

3 

4 

5 

Totals 

Pseudomys hermannsburgensis 






Not retained on 1.63 mm but retained on 0.71 mm sieve 

Retained on 3 mm sieve 







Upper 

0 

0 

0 

0 

8 

8 

Upper 

30 

22 

7 

19 

7 

85 

Lower 

0 

0 

0 

0 

7 

7 

Lower 

46 

29 

12 

5 

7 

99 

Upper and lower combined 

0 

0 

0 

0 

15 

15 

Upper and lower combined 

76 

51 

19 

24 

14 

184 

Species total 






66 

Not retained on 3 mm but retained on 1.63 mm sieve 


Notomys alexis 







Upper 

3 

5 

7 

21 

3 

39 

Retained on 3 mm sieve 







Lower 

0 

2 

7 

17 

5 

32 

Upper 

2 

4 

0 

1 

12 

19 

Upper and lower combined 

3 

7 

14 

38 

8 

71 

Lower 

11 

3 

5 

4 

6 

29 

Not retained on 1.63 mm but retained on 0.71 mm sieve 

Upper and lower combined 

13 

7 

5 

5 

18 

48 

Upper 

0 

0 

2 

0 101 

103 

Not retained on 3 mm but retained on 1.63 

mm sieve 


Lower 

0 

0 

0 

1 

68 

69 

Upper 

0 

0 

0 

0 

43 

43 

Upper and lower combined 

0 

0 

2 

1 169 

172 

Lower 

0 

0 

0 

0 

42 

42 

Species total 






427 

Upper and lower combined 

0 

0 

0 

0 

85 

85 

Pseudomys chapmani 







Not retained on 1.63 mm but retained on 0.71 mm sieve 

Retained on 3 mm sieve 







Upper 

0 

0 

0 

0 

2 

2 

Upper 

6 

4 

0 

2 

2 

14 

Lower 

0 

0 

0 

0 

3 

3 

Lower 

20 

10 

1 

1 

2 

34 

Upper and lower combined 

0 

0 

0 

0 

5 

5 

Upper and lower combined 

26 

14 

1 

3 

4 

48 

Species total 






138 

Not retained on 3 mm but retained on 1.63 mm sieve 


Pseudomys desert or 







Upper 

0 

1 

1 

1 

0 

3 

Retained on 3 mm sieve 







Lower 

0 

0 

2 

1 

3 

6 

Upper 

1 

1 

0 

0 

0 

2 

Upper and lower combined 

0 

1 

3 

2 

3 

9 















Lower 

9 

2 

2 

0 

2 

15 

Not retained on 1.63 mm but retained on 0.71 mm sieve 

Upper and lower combined 

10 

3 

2 

0 

2 

17 

Upper 

0 

0 

0 

0 

41 

41 








Lower 

0 

0 

0 

0 

31 

31 

Not retained on 3 mm but retained on 1.63 

mm sieve 


Upper and lower combined 

0 

0 

0 

0 

72 

72 

Upper 

0 

0 

0 

0 

23 

23 

Species total 






129 

Lower 

0 

0 

0 

0 

12 

12 








Upper and lower combined 

0 

0 

0 

0 

35 

35 

Leggadina sp. cf. L. lakedownensis 





Not retained on 1.63 mm but retained on 0.71 mm sieve 

Retained on 3 mm sieve 







Upper 

0 

0 

0 

0 

3 

3 

Upper 

8 

5 

2 

3 

1 

19 

Lower 

0 

0 

0 

0 

2 

2 

Lower 

8 

3 

2 

3 

2 

18 

Upper and lower combined 

0 

0 

0 

0 

5 

5 

Upper and lower combined 

16 

8 

4 

6 

3 

37 

Species total 






57 

Not retained on 3 mm but retained on 1.63 

mm sieve 









Upper 

0 

0 

1 

1 

2 

4 








Lower 

0 

0 

0 

1 

9 

10 








Upper and lower combined 

0 

0 

1 

2 

11 

14 
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12345 Totals 


1 2 3 4 5 Totals 


Pseudomys fieldi 

Retained on 3 mm sieve 


Upper 

2 

3 

1 

0 

5 

11 

Lower 

8 

1 

0 

1 

0 

10 

Upper and lower combined 

10 

4 

1 

1 

5 

21 

Not retained on 3 mm but retained on 1.63 

mm sieve 


Upper 

0 

0 

0 

0 

34 

34 

Lower 

0 

0 

0 

0 

12 

12 

Upper and lower combined 

0 

0 

0 

0 

46 

46 

Not retained on 1.63 mm but retained on 0.71 , 

mm sieve 


Upper 

0 

0 

0 

0 

2 

2 

Lower 

0 

0 

0 

0 

1 

1 

Upper and lower combined 

0 

0 

0 

0 

3 

3 


Species total 70 


Not retained on 3 mm but retained on 1.63 mm sieve 
Upper 0 0 0 0 14 14 

Lower 0 0 0 0 34 34 

Upper and lower combined 0 0 0 0 48 48 


Not retained on 1.63 mm but retained on 0.71 mm sieve 


Upper 

Lower 

Upper and lower combined 

Species total 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


0 

0 

0 

205 


Zyzomys pedunculatus 

Retained on 3 mm sieve 

Upper 

Lower 

Upper and lower combined 


110 0 6 

1 0 0 0 7 

2 1 0 0 13 


8 

8 

16 


Pseudomys nanus 

Retained on 3 mm sieve 


Upper 

14 

3 

4 

1 

10 

32 

Lower 

24 

12 

2 

2 

7 

47 

Upper and lower combined 

38 

15 

6 

3 

17 

79 

Not retained on 3 mm but retained on 1.63 

mm sieve 


Upper 

0 

0 

2 

0 

81 

83 

Lower 

0 

0 

0 

3 

49 

52 

Upper and lower combined 

0 

0 

2 

3 130 

135 

Not retained on 1.63 mm but retained on 0.71 , 

mm sieve 

Upper 

0 

0 

0 

0 

24 

24 

Lower 

0 

0 

0 

0 

25 

25 

Upper and lower combined 

0 

0 

0 

0 

49 

49 

Species total 






263 


Rattus tunneyi 

Retained on 3 mm sieve 


Upper 

11 

6 

2 

2 

34 

55 

Lower 

49 

1 

1 

3 

10 

64 

Upper and lower combined 

60 

7 

3 

5 

44 

119 

Not retained on 3 mm but retained on 1.63 mm sieve 


Upper 

0 

0 

0 

0 

45 

45 

Lower 

0 

0 

0 

0 

37 

37 

Upper and lower combined 

0 

0 

0 

0 

82 

82 

Not retained on 1.63 mm but retained on 0.71 mm sieve 


Upper 

0 

0 

0 

0 

0 

0 

Lower 

0 

0 

0 

0 

0 

0 

Upper and lower combined 

0 

0 

0 

0 

0 

0 


Species total 201 


Notomys longicaudatus 

Retained on 3 mm sieve 


Upper 

15 

5 

2 

2 

45 

69 

Lower 

46 

7 

0 

4 

31 

88 

Upper and lower combined 

61 

12 

2 

6 

76 

157 


Not retained on 3 mm but retained on 1.63 mm sieve 
Upper 0 0 0 0 4 

Lower 0 0 0 0 3 

Upper and lower combined 0 0 0 0 7 


Not retained on 1.63 mm but retained on 0.71 mm sieve 


Upper 

Lower 

Upper and lower combined 

Species total 


0 0 0 0 
0 0 0 0 
0 0 0 0 


Leporillus conditor 

Retained on 3 mm sieve 

Upper 

Lower 

Upper and lower combined 


2 0 0 0 1 
0 0 0 0 0 
2 0 0 0 1 


Not retained on 3 mm but retained on 1.63 mm sieve 
Upper 0 0 0 0 0 

Lower 0 0 0 0 0 

Upper and lower combined 0 0 0 0 0 


Not retained on 1.63 mm but retained on 0.71 mm sieve 


Upper 

Lower 

Upper and lower combined 

Species total 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


Mesembriomys macrurus 

Retained on 3 mm sieve 

Upper 

Lower 

Upper and lower combined 


0 0 0 0 0 
0 0 0 0 2 
0 0 0 0 2 


Not retained on 3 mm but retained on 1.63 mm sieve 
Upper 0 0 0 0 0 

Lower 0 0 0 0 1 

Upper and lower combined 0 0 0 0 1 


Not retained on 1.63 mm but retained on 0.71 mm sieve 
Upper 0 0 0 0 0 

Lower 0 0 0 0 0 

Upper and lower combined 0 0 0 0 0 

Species total 


4 

3 

7 

0 

0 

0 

23 


3 

0 

3 


0 

0 

0 


0 

0 

0 

3 


0 

2 

2 

0 

1 

1 

0 

0 

0 

3 
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TABLE A3. Calculations of X 2 values for chi-square tests of the statistical significance of the bias introduced by differential 
recovery into the relative abundances of species retained by the 3 mm sieve alone, and 3 mm + 1.63 mm sieves, as reported 
in Table 2. Obs and O = Observed; Exp and E = Expected. Most calculated numbers rounded for presentation. 



3 mm 
sieve 
Obs 

1.63 mm 
sieve 

0.71 mm 
sieve 

Sample 

Total 

Total pi 

3 mm 
sieve 
Exp 

3 mm 
seive 
0-E 

(0-E) 2 

(0-E) 2 /E 

P. herm. 

184 

71 

172 

427 

0.2694 

196.93 

-12.932 

167.2330 

0.8492 

P. chap. 

48 

9 

72 

129 

0.0814 

59.49 

-11.495 

132.1267 

2.2208 

Leg. 

37 

14 

15 

66 

0.0416 

30.44 

6.561 

43.0452 

1.4141 

N. alexis 

48 

85 

5 

138 

0.0871 

63.65 

-15.645 

244.7793 

3.8460 

P. des. 

17 

35 

5 

57 

0.0360 

26.29 

-9.288 

86.2730 

3.2818 

P.fieldi 

21 

46 

3 

70 

0.0442 

32.28 

-11.284 

127.3267 

3.9440 

P. nanus 

79 

135 

49 

263 

0.1659 

121.30 

-42.295 

1788.8897 

14.7482 

R. tun. 

119 

82 

0 

201 

0.1268 

92.70 

26.299 

691.6402 

7.4610 

N. long. 

157 

48 

0 

205 

0.1293 

94.55 

62.454 

3900.5344 

41.2555 

Z. ped. 

16 

7 

0 

23 

0.0145 

10.61 

5.392 

29.0783 

2.7413 

L. cond. 

3 

0 

0 

3 

0.0019 

1.384 

1.616 

2.6128 

1.8884 

M. mac. 

2 

1 

0 

3 

0.0019 

1.384 

0.616 

0.3799 

0.2746 

Totals 

731 

533 

321 

1585 

1 

731 



83.9249 

X 2 









83.925 

doff 









11 

P 









<0.001 



3 mm + 
1.63 mm 
sieves 
Obs 

0.71 mm 
sieve 

Sample 

Total 

Total pi 

3 mm + 

1.63 mm 
sieves 

Exp 

3 mm + 
1.63 mm 
sieves 
0-E 

(0-E) 2 

(O-EY/E 

P. herm. 


255 

172 

427 

0.2694 

340.52 

-85.523 

7314.0805 

21.4790 

P. chap. 


57 

72 

129 

0.0814 

102.87 

-45.874 

2104.4650 

20.4566 

Leg. 


51 

15 

66 

0.0416 

52.63 

-1.633 

2.6681 

0.0507 

N. alexis 


133 

5 

138 

0.0871 

110.05 

22.948 

526.6229 

4.7852 

P. des. 


52 

5 

57 

0.0360 

45.46 

6.544 

42.8220 

0.9421 

P.fieldi 


67 

3 

70 

0.0442 

55.82 

11.177 

124.9176 

2.2377 

P. nanus 


214 

49 

263 

0.1659 

209.74 

4.264 

18.1793 

0.0867 

R. tun. 


201 

0 

201 

0.1268 

160.29 

40.707 

1657.0807 

10.3378 

N. long. 


205 

0 

205 

0.1293 

163.48 

41.517 

1723.6904 

10.5436 

Z. ped. 


23 

0 

23 

0.0145 

18.34 

4.658 

21.6974 

1.1829 

L. cond. 


3 

0 

3 

0.0019 

2.392 

0.608 

0.3691 

0.1543 

M. mac. 


3 

0 

3 

0.0019 

2.392 

0.608 

0.3691 

0.1543 

Totals 


1264 

321 

1585 

1 

1264 



72.4110 

r- 









72.411 

doff 









11 

P 









<0.001 
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TABLE A4. Criteria of first molar age classes. 

Age class 

1 Roots incompletely formed and open on the ends, negligible tooth wear restricted to the tips of the cusps. 

2 Roots completely formed, with ends closed up to just pores, tooth wear slight to moderate but with cusps 
still discreet. 

3 Greater tooth wear has resulted in the dentine cores of the cusps to be exposed and connected laterally across all 
three lophs of the first molar. 

4 Further tooth wear has resulted in dentine cores of lophs becoming connected. 

5 Extreme tooth wear has left just a basin of dentine with an enamel rim. 


TABLE A5. Measurements and age class scores (using the criteria listed in Table A4) of isolated first molar teeth of Rattus 
tunneyi from Quarry Cave. (*) Includes broken Mis. 


Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

First upper Mis retained on 3 mm 

sieve 


First upper Mis not retained on 

3 mm sieve 


3 

3.14 

2.20 

2.60 

4.86 

3 

3.20 

2.06 

2.70 

4.82 

3 

3.22 

2.16 

2.86 

4.82 

3 

2.84 

2.06 

2.96 

4.80 

3 

3.34 

2.30 

3.04 

4.80 

3 

3.32 

1.60 

3.10 

4.76 

3 

2.76 

2.26 

3.12 

4.64 

3 

3.16 

2.12 

2.68 

4.44 

3 

3.24 

2.16 

2.66 

4.56 

3 

2.06 

2.10 

2.76 

3.94 

3 

3.10 

2.06 

2.70 

4.38 

4 

2.88 

2.08 

2.32 

3.80 

2 

3.36 

2.24 

2.54 

5.08 

4 

3.10 

2.06 

1.66 

3.70 

2 

3.22 

2.26 

2.96 

4.94 

2 

2.86 

2.12 

3.22 

5.02 

2 

3.36 

2.26 

2.70 

4.86 

2 

3.38 

2.22 

3.00 

4.90 

2 

3.28 

2.22 

3.04 

4.84 

2 

3.34 

2.20 

2.78 

4.88 

2 

3.08 

2.22 

2.76 

4.82 

2 

3.34 

2.14 

2.84 

4.84 

2 

3.22 

2.18 

2.98 

4.82 

2 

3.12 

2.16 

2.92 

4.68 

2 

3.16 

2.20 

2.70 

4.82 

2 

3.26 

2.06 

2.64 

4.64 

2 

3.12 

2.04 

3.16 

4.64 

2 

2.80 



4.60 

2 

3.22 

2.20 

2.64 

4.62 

2 

2.94 

2.04 

2.96 

4.48 

2 

3.30 

2.22 

2.86 

4.62 

2 

3.08 

1.92 

2.70 

4.46 

2 

3.14 

2.20 

2.70 

4.60 

2 

3.40 

2.06 

2.62 

4.42 

2 

3.36 

2.14 

2.74 

4.54 

2 

2.44 



4.20 

2 

3.24 

2.24 

2.78 

4.52 

2 

3.06 

2.12 

1.74 

3.94 

2 

3.28 

2.00 

2.68 

4.52 

2 

2.26 

2.10 

2.74 

3.94 

2 

3.22 

2.00 

2.58 

4.48 

2 

3.28 

2.20 

2.78 

3.84 

2 

2.96 

2.04 

2.54 

4.36 

2 

2.14 

1.96 

2.66 

3.74 

2 

2.18 

2.20 

3.12 

3.40 

2 




3.52 

1 

3.40 

2.14 

2.82 

4.68 

1 

3.52 

2.06 

2.58 

4.49 

1 

3.38 

1.40 

2.74 

4.60 

1 

3.26 

2.06 

2.54 

4.36 

1 

3.30 

2.20 

2.68 

4.54 

1 

3.44 

2.14 

1.94 

4.24 

1 

3.24 

2.26 

2.64 

4.46 

1 

3.12 

2.18 

2.16 

4.22 

1 

3.24 

2.08 

2.56 

4.36 

1 

3.30 

2.14 

2.32 

4.20 

1 

3.24 

2.10 

2.62 

4.28 

1 

3.20 

2.06 

2.54 

4.16 

1 

3.20 

2.06 

2.52 

4.22 

1 

3.06 

2.04 

2.24 

4.14 

1 

3.22 

2.12 

2.56 

4.12 

1 

3.42 

2.16 

2.10 

4.12 

1 

3.36 

2.24 

2.46 

4.12 

1 

3.22 

2.16 

2.02 

4.04 

1 

3.20 

2.02 

2.32 

3.96 

1 

3.14 

2.04 

2.54 

3.94 

1 

3.06 

2.06 

1.76 

3.30 

1 

2.96 

1.94 

2.10 

3.94 

Mean* 

3.186 

2.138 

2.710 

4.505 

1 

3.20 

2.12 

1.92 

3.94 

Std dev* 

0.219 

0.156 

0.262 

0.387 

1 

3.44 

2.28 

1.94 

3.78 

Minimum* 

2.18 

1.40 

1.76 

3.30 

1 

3.36 

2.14 

1.88 

3.74 

Maximum* 

3.40 

2.30 

3.16 

5.08 

1 

3.36 

2.20 

1.84 

3.74 






1 

3.12 

2.08 

2.70 

3.70 
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ALEXANDER BAYNES, CASSIA J. PIPER AND KAILAH M. THORN 


Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

1 

3.48 

2.14 

1.64 

3.60 

3 

2.54 

1.60 

2.16 

3.40 

1 

3.36 

2.00 

2.20 

3.60 

3 

2.26 

1.94 

2.76 

3.06 

1 

3.20 

2.20 

1.78 

3.58 

2 

2.66 

1.86 

3.56 

4.34 

1 

3.16 

2.12 

1.80 

3.58 

2 

2.80 

1.88 

3.54 

4.26 

1 

3.26 

2.10 

1.84 

3.56 

2 

2.90 

1.78 

3.38 

4.20 

1 

3.22 

2.12 

1.92 

3.54 

2 

2.70 

1.72 

3.40 

4.14 

Mean* 

3.115 

2.092 

2.389 

4.146 

2 

2.76 

1.86 

3.30 

4.06 

Std dev* 

0.336 

0.107 

0.450 

0.446 

2 

2.54 

1.68 

3.14 

4.00 

Minimum* 

2.06 

1.60 

1.64 

3.52 

2 

2.70 

1.84 

3.12 

4.00 

Maximum* 

3.52 

2.28 

3.22 

5.02 

2 

2.68 

1.70 

3.16 

3.94 

All first upper molars 




2 

2 

2.70 

2 74 

1.76 

1 64 

2.74 

1 54 

3.44 

3 04 

Mean 

3.146 

2.112 

2.532 

4.301 











2 

2 60 

176 

2 00 

2 84 

Std dev* 

0.292 

0.134 

0.408 

0.456 











1 

2 80 

2.06 

3 16 

4.08 

Minimum 

2.06 

1.40 

1.64 

3.30 











1 

2 70 

1 82 

2 88 

3 78 

Maximum* 

3.52 

2.30 

3.22 

5.08 











1 

2.78 

1.84 

2.12 

3.26 

First lower Mis retained on 3 mm sieve 


1 

2.76 

1.88 

2.14 

3.22 

3 

2.82 

1.64 

3.06 

4.10 

1 

2.74 

1.80 

1.78 

3.22 

2 

2.86 

1.94 

3.92 

4.66 

1 

2.82 

1.70 

2.32 

3.18 

2 

2.94 

1.96 

3.74 

4.46 

1 

2.68 

1.72 

2.10 

3.16 

2 

2.90 

1.88 

3.44 

4.26 

1 

2.76 

1.92 

2.00 

3.14 

2 

2.62 

1.72 

2.96 

4.14 

1 

2.64 

1.70 

2.12 

3.10 

2 

2.74 

1.62 

3.20 

4.12 

1 

2.80 

1.84 

2.08 

3.08 

2 

2.70 

1.78 

3.24 

4.06 

1 

2.84 

1.92 

2.16 

3.06 

2 

2.78 

1.90 

2.86 

3.74 

1 

2.84 

1.86 

1.68 

3.02 

2 

2.76 

1.92 

1.96 

3.00 

1 

2.62 

1.70 

1.92 

3.00 

1 

2.94 

1.84 

2.88 

4.04 

1 

2.64 

1.84 

2.38 

2.94 

Mean* 

2.806 

1.820 

3.126 

4.058 

1 

2.62 

1.78 

1.86 

2.92 

Std dev* 

0.106 

0.124 

0.542 

0.447 

1 

2.62 

1.70 

1.74 

2.88 

Minimum* 

2.62 

1.62 

1.96 

3.00 

1 

2.64 

1.80 

1.88 

2.72 

Maximum* 

2.94 

1.96 

3.92 

4.66 

Mean* 

2.702 

1.795 

2.606 

3.537 

First lower Mis not retained on 3 mm sieve 


Std dev* 

0.122 

0.103 

0.653 

0.535 

4 

2.64 

1.64 

3.28 

4.16 

Minimum* 

2.26 

1.60 

1.54 

2.72 

4 

2.52 

1.68 

3.16 

3.92 

Maximum* 

2.90 

2.06 

3.56 

4.36 

3 

2.86 

1.72 

3.44 

4.36 

All first lower molars 




3 

2.66 

1.74 

3.30 

4.28 

Mean* 

2.724 

1.800 

2.717 

3.648 

3 

2.78 

1.88 

3.38 

4.22 

Std dev* 

0.125 

0.107 

0.662 

0.556 

3 

2.86 

1.94 

3.34 

3.94 

Minimum* 

2.26 

1.60 

1.54 

2.72 

3 

2.78 

1.92 

2.40 

3.50 

Maximum* 

2.94 

2.06 

3.92 

4.66 


TABLE A6. Measurements and age class scores (using the criteria listed in Table A4, above) of isolated first molar teeth of 
Notomys longicaudatus from Quarry Cave. (*) Includes broken Mis. 


Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

First upper Mis retained on 3 mm sieve 


2 

3.44 

2.22 

3.20 

5.36 

3 

3.44 

2.30 

3.14 

5.26 

2 

3.22 

2.30 

3.32 

5.36 

3 

3.42 

2.38 

2.94 

5.18 

2 

3.44 

2.30 

3.22 

5.28 

3 

2.98 

2.16 

3.06 

5.00 

2 

3.24 

2.26 

3.36 

5.24 

3 

3.20 

2.30 

2.72 

4.94 

2 

3.24 

2.28 

2.92 

5.22 

3 

2.42 

2.32 

3.06 

3.36 

2 

3.36 

2.28 

3.28 

5.20 

2 

3.42 

2.48 

3.32 

5.42 

2 

3.38 

2.40 

3.18 

5.18 
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Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

2 

3.08 

2.22 

3.08 

5.14 

2 

3.30 

2.36 

3.22 

5.14 

2 

3.42 

2.26 

3.12 

5.00 

2 

3.28 

2.26 

3.28 

4.96 

2 

3.42 

2.38 

2.86 

4.94 

2 

3.10 

2.20 

3.08 

4.92 

2 

3.20 

2.22 

2.96 

4.92 

2 

3.34 

2.28 

3.18 

4.92 

2 

2.18 

2.46 

3.28 

4.88 

2 

3.24 

2.30 

3.28 

4.86 

2 

3.38 

2.32 

3.20 

4.78 

2 

3.08 

2.20 

3.00 

4.78 

2 

3.28 

2.38 

3.08 

4.74 

2 

3.40 

2.32 

3.10 

4.72 

2 

3.54 

2.30 

3.00 

4.70 

2 

3.30 

2.36 

3.08 

4.68 

2 

3.14 

2.30 

3.08 

4.60 

2 

3.48 

2.40 

3.44 

3.90 

2 

2.42 

2.20 

3.06 

3.00 

1 

3.36 

2.22 

2.76 

4.48 

1 

3.28 

2.18 

2.90 

4.46 

1 

3.14 

2.28 

2.84 

4.46 

1 

3.14 

2.22 

3.00 

4.44 

1 

3.44 

2.34 

2.92 

4.42 

1 

3.18 

2.36 

2.42 

4.30 

1 

2.94 

2.28 

2.56 

4.16 

1 

3.36 

2.44 

2.62 

4.10 

1 

2.14 

2.22 

3.00 

3.92 

1 

3.14 

2.32 

2.24 

3.64 

1 

3.28 

2.30 

2.28 

3.62 

1 

2.44 

2.30 

3.10 

3.54 

1 

3.04 

1.94 

1.34 

3.24 

Mean* 

3.170 

2.291 

2.980 

4.630 

Std dev* 

0.337 

0.091 

0.366 

0.620 

Minimum* 

2.14 

1.94 

1.34 

3.00 

Maximum* 

3.54 

2.48 

3.44 

5.42 

First upper Mis not retained on 3 mm sieve 


3 

3.30 

2.30 

2.74 

5.08 

2 

3.02 

2.32 

3.12 

4.88 

2 

3.14 

2.28 

2.74 

4.84 

2 

3.16 

2.12 

3.06 

4.76 

2 

3.34 

2.24 

2.28 

4.76 

2 

3.16 

2.40 

1.56 

3.52 

1 

3.54 

2.34 

3.12 

4.76 

1 

3.42 

2.38 

2.86 

4.76 

1 

3.40 

2.10 

2.94 

4.68 

1 

3.18 

2.20 

2.34 

4.62 

1 

3.10 

2.16 

2.30 

4.04 

1 

3.30 

2.30 

2.00 

3.64 

1 

3.02 

2.14 

1.64 

3.52 

1 

2.80 

2.18 

1.74 

3.26 

Mean* 

3.206 

2.247 

2.460 

4.366 

Std dev* 

0.193 

0.098 

0.559 

0.625 

Minimum* 

2.80 

2.10 

1.56 

3.26 

Maximum* 

3.54 

2.40 

3.12 

5.08 


Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

All first upper molars 




Mean* 

3.179 

2.281 

2.856 

4.567 

Std dev* 

0.307 

0.094 

0.471 

0.626 

Minimum* 

2.14 

1.94 

1.34 

3.00 

Maximum* 

3.54 

2.48 

3.44 

5.42 

First lower Mis retained on 3 mm sieve 


3 

3.28 

2.22 

3.86 

4.70 

2 

3.22 

2.12 

4.12 

4.94 

2 

3.16 

1.94 

3.80 

4.62 

2 

3.16 

2.14 

3.46 

4.60 

2 

3.14 

2.12 

4.06 

4.56 

2 

3.10 

2.00 

3.68 

4.54 

2 

3.30 

1.42 

3.72 

4.50 

2 

3.20 

2.16 

3.86 

4.48 

2 

3.20 

2.10 

3.38 

4.42 

2 

2.96 

2.10 

3.78 

4.34 

2 

3.16 

2.02 

3.64 

4.32 

2 

3.00 

2.08 

3.40 

4.30 

2 

2.46 

1.88 

3.80 

4.26 

2 

3.06 

2.22 

3.54 

4.24 

2 

2.66 

2.12 

3.86 

4.24 

2 

3.06 

1.96 

3.48 

4.20 

2 

2.50 

2.08 

3.84 

4.14 

2 

3.14 

2.10 

3.18 

4.12 

2 

2.34 

2.12 

2.84 

3.86 

2 

2.38 

0.88 

3.44 

3.86 

1 

3.14 

2.04 

2.76 

4.04 

1 

2.68 

2.14 

3.30 

4.04 

1 

3.06 

2.04 

3.12 

3.98 

1 

3.14 

2.16 

3.20 

3.92 

1 

3.12 

2.02 

2.80 

3.88 

1 

3.18 

2.10 

3.14 

3.84 

1 

3.30 

2.08 

2.08 

3.56 

1 

3.20 

2.06 

2.68 

3.48 

1 

3.12 

2.10 

2.30 

3.32 

1 

3.10 

2.04 

2.10 

3.30 

1 

2.44 

2.10 

2.44 

3.14 

Mean* 

2.999 

2.021 

3.312 

4.121 

Std dev* 

0.293 

0.254 

0.568 

0.437 

Minimum* 

2.34 

0.88 

2.08 

3.14 

Maximum* 

3.30 

2.22 

4.12 

4.94 

First lower Mis not retained on 3 mm sieve 


4 

3.08 

2.06 

3.42 

4.38 

3 

3.06 

2.02 

2.56 

3.86 

3 

2.56 

1.50 

2.86 

3.58 

2 

3.22 

2.04 

4.10 

4.72 

2 

3.14 

2.18 

3.98 

4.60 

2 

2.44 

2.12 

3.84 

4.54 

2 

3.18 

2.06 

3.60 

4.38 

2 

2.64 

2.20 

4.04 

4.38 

2 

3.02 

1.38 

3.52 

4.36 

2 

2.58 

2.18 

3.92 

4.26 

2 

3.20 

2.16 

3.28 

4.20 

2 

2.96 

1.98 

3.66 

4.20 

2 

1.96 

2.20 

3.74 

4.20 
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ALEXANDER BAYNES, CASSIA J. PIPER AND KAILAH M. THORN 


Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

2 

2.36 

1.92 

3.60 

4.16 

2 

2.44 

2.02 

3.60 

4.14 

2 

2.44 

2.04 

3.26 

3.94 

2 

3.34 

1.48 

1.86 

3.60 

2 

2.68 

1.52 

2.50 

3.30 

2 

2.44 

2.10 

2.00 

2.98 

1 

3.08 

1.88 

3.44 

4.28 

1 

3.20 

2.14 

3.46 

4.18 

1 

3.10 

1.86 

2.90 

4.10 

1 

3.12 

2.14 

3.00 

4.06 

1 

2.60 

2.06 

3.22 

3.88 

1 

3.16 

1.98 

2.68 

3.80 

1 

2.40 

2.02 

3.12 

3.78 

1 

3.18 

1.92 

2.88 

3.72 

1 

3.06 

2.02 

3.02 

3.64 


Age 

class 

Crown 

length 

(mm) 

Crown 

width 

(mm) 

Height 

(mm) 

Diagonal 

length 

(mm) 

1 

3.04 

2.14 

2.24 

3.54 

1 

2.60 

2.06 

2.70 

3.46 

1 

3.14 

2.12 

2.26 

3.30 

1 

2.86 

2.06 

1.68 

3.08 

1 

2.00 

2.06 

2.50 

3.06 

1 

2.32 

2.16 

2.12 

2.60 

Mean* 

2.812 

1.994 

3.075 

3.890 

Std dev* 

0.378 

0.213 

0.665 

0.509 

Minimum* 

1.96 

1.38 

1.68 

2.60 

Maximum* 

3.34 

2.20 

4.10 

4.72 

All first lower molars 




Mean* 

2.901 

2.007 

3.188 

4.000 

Std dev* 

0.350 

0.232 

0.627 

0.487 

Minimum* 

2.34 

0.88 

1.68 

2.60 

Maximum* 

3.34 

2.22 

4.12 

4.94 


TABLE A7. Raw numbers of murid specimens (left and right jaws combined) from Caladenia Cave, retained or not retained 
on a 3 mm sieve in each of five categories of completeness, ranging from complete jaws with all molars present (1) to 
isolated first molars (5) (details in Table A1 above). Species are listed from smallest at the beginning to largest at the end. 



1 

2 

3 

4 

5 

Totals 


1 

2 

3 

4 

5 

Totals 

Pseudomys albocinereus 







Pseudomys shortridgei 







Retained on 3 mm sieve 







Retained on 3 mm sieve 







Upper and lower combined 

10 

6 

12 

14 

2 

44 

Upper and lower combined 

0 

0 

2 

0 

0 

2 

Not retained on 3 mm sieve 







Not retained on 3 mm sieve 







Upper and lower combined 

5 

0 

4 

17 160 

186 

Upper and lower combined 

0 

0 

0 

0 

4 

4 

Species total 






230 

Species total 






6 

Pseudomys occidentalis 







Rattus fuscipes 







Retained on 3 mm sieve 







Retained on 3 mm sieve 







Upper and lower combined 

2 

2 

4 

1 

0 

9 

Upper and lower combined 

0 

0 

0 

0 

0 

0 

Not retained on 3 mm sieve 







Not retained on 3 mm sieve 







Upper and lower combined 

0 

0 

0 

0 

37 

37 

Upper and lower combined 

0 

0 

0 

1 

2 

3 

Species total 






46 

Species total 






3 

Pseudomys fieldi 







Rattus tunneyi 







Retained on 3 mm sieve 







Retained on 3 mm sieve 







Upper and lower combined 

0 

0 

0 

1 

0 

1 

Upper and lower combined 

0 

0 

0 

0 

0 

0 

Not retained on 3 mm sieve 







Not retained on 3 mm sieve 







Upper and lower combined 

0 

0 

0 

1 

1 

2 

Upper and lower combined 

0 

0 

0 

0 

1 

1 

Species total 






46 

Species total 






1 


Notomys sp. indet. 

Retained on 3 mm sieve 

Upper and lower combined 0 0 1 5 0 6 


Not retained on 3 mm sieve 

Upper and lower combined 0 0 0 1 20 21 

Species total 27 
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A typhlopid hotspot in the tropics: increased 
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ABSTRACT - The blindsnake genus Anilios is the most speciose genus of Australian snakes and 
represents one of the most species rich genera of snakes globally. Morphological and molecular 
studies continue to highlight further diversity within the genus, suggesting true species diversity 
is far greater than currently known. A morphologically distinct new species of blindsnake, Anilios 
vagurima sp. nov., is described from a single specimen collected from Mornington Wildlife Sanctuary 
in the Kimberley region of Western Australia in 2006. The species differs from all other Anilios 
species in possessing 22 midbody scale rows, 542 dorsal body scales, head moderately trilobed in 
dorsal view, rounded in profile view, and a unique configuration of the nasal cleft. The cleft originates 
at the second supralabial and arcs anterodorsally to the nostril and then posterodorsally to lie nearly 
parallel to rostral-nasal suture within the apex of nasal scale, where it is clearly visible in dorsal view. 

KEYWORDS: Reptilia, Squamata, Scolecophidia, taxonomy, morphology 


urn:lsid:zoobank.org:pub:B1 A629D4-77F1-4105-ACFC-8C53D7AB3A4D 


INTRODUCTION 

The Kimberley region of north-western Australia 
supports a highly diverse fauna of reptiles and 
amphibians, including many regionally endemic taxa 
(How and Cowan 2006; Slatyer et al. 2007; Powney et 
al. 2010; Doughty 2011; Doughty et al. 2012a; Palmer et 
al. 2013; Pepper and Keogh 2014; Meiri 2016). Despite 
relatively poor sampling across the region, ongoing 
collections and detailed examinations of museum 
specimens, particularly in association with molecular 
genetic techniques, continue to lead to the discovery 
and description of new reptile taxa in the region (Bauer 
and Doughty 2012; Doughty et al. 2012b; Doughty et al. 
2014; Oliver et al. 2014a; Oliver et al. 2014b; Maddock et 
al. 2015; Ellis 2016; Oliver et al. 2016). 

The Australian blindsnakes (genus Anilios Gray, 1845) 
constitute the most diverse snake genus in Australia, 
with 46 currently recognised species (Uetz et al. 2019). 
With 47 species recognised worldwide, Anilios is also 
the most species rich genus in the family Typhlopidae 
and ranks 10 th among the most diverse snake genera 
globally. However, molecular and morphological 
studies have indicated the true species diversity within 


the genus remains largely underestimated (Marin et 
al. 2013; Ellis 2016; Ellis et al. 2017). The Kimberley 
region supports the greatest diversity of Anilios species, 
with 11 currently recognised species, including five 
endemics. Of these endemics, four were described 
from only a single specimen (A. howi (Storr, 1983), A. 
micromma (Storr, 1981), A troglodytes (Storr, 1981) 
and A. yampiensis (Storr, 1981)) and the other from two 
specimens (A. zonula Ellis, 2016), all with few or no 
additional specimens collected since being described. 

I here present the morphology of a unique Anilios 
specimen from the Kimberley region of Western 
Australia and, based on diagnostic morphological 
characteristics, describe it as a new species. 

MATERIAL AND METHODS 

Nomenclature of head scales follows Waite (1918) and 
Storr (1981) with the exception of the median dorsal 
series of scales, which follows Wallach (2003). Total 
dorsal scale (TDS) counts were taken from the frontal 
scale to the last scale overlapping the terminal caudal 
scale, inclusive. Subcaudal scales (SCS) were counted 
from the first scale posterior to the vent to the last scale 
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overlapping the terminal caudal scale, inclusive. Dorsal 
body scales (DBS), excluding tail scales, were calculated 
by subtracting SCS from TDS. Midbody scale rows 
(MBSR) were counted approximately mid snout-vent 
length (SVL). Supralabial imbrication pattern follows 
Wallach (1993). Anal scales are defined as the number 
of ventral body scales overlapping the vent anteriorly. 
SVL and tail length (TailL) were measured with a metal 
ruler to the nearest 0.5 mm, from tip of snout to anterior 
margin of vent for SVL and from posterior margin of 
vent to tail tip for TailL. Midbody width (MBW) was 
measured to nearest 0.1 mm using a digital vernier 
caliper at approximately mid SVL. Where possible, sex 
of specimens was identified from everted hemipenes, 
presence of eggs, or determined by examination of 
internal reproductive organs. 

Comparisons were made with museum material 
(including type specimens) from the collections of the 
Western Australian Museum, Perth (WAM; where the 
holotype is located), Museum and Art Galleries of the 
Northern Territory, Darwin (NTM) and Queensland 
Museum, Brisbane (QM). 

TAXONOMY 

FamilyTyphlopidae Merrem, 1820 
Genus Anilios Gray, 1845 

TYPE SPECIES 

Anilios australis Gray, 1845, by subsequent 
designation by Stejneger (1904). 

Anilios vagurima sp. nov. 

Mornington Blindsnake 
Figures 1-2 

urn:lsid:zoobank.org:act:42E651 A8-C68F-43B5-A189- 
174DB9F98740 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : WAM R163524, adult 
male collected on 21 October 2006, from Mornington 
Sanctuary, south central Kimberley region, Western 
Australia, Australia (-17.0338°S, 126.6537°E). Collector 
unknown, donated to the WAM by R. Lloyd, 21 August 
2008. Fixative unknown, stored in 70% ethanol solution 
at WAM. 

DIAGNOSIS 

A moderately slender and elongate Anilios to 
approximately 325 mm. Distinguished from all other 
congeners by a combination of midbody scales in 22 
rows, 557 total dorsal scales, 542 dorsal body scales; 
snout moderately trilobed in dorsal view, bluntly 
rounded and elongate in profile; rostral scale narrowly 


bell-shaped, widest anteriorly at rostral-nasal suture, 
-40% of head width, with posterior edge terminating 
well before eye line; nasal scale partially divided, 
offset nostril positioned slightly closer to rostral 
than preocular; nasal cleft originating at the second 
supralabial and arcs anterodorsally to the nostril and 
then posterodorsally to lie nearly parallel to rostral-nasal 
suture within the apex of nasal scale, where it is clearly 
visible in dorsal view; and contrasting dorsal and ventral 
colouration. 

DESCRIPTION OF THE HOLOTYPE (WAM R163524) 

Adult male, measurements and counts: SVL 324.5 
mm; TailL 4.4 mm (1.4% of SVL); MBW 3.8 mm; TDS 
566; DBS 552; MBSR 22; SCS 14; anal scales five; 
supralabials four; infralabials four; rostral length 2.1 
mm; rostral width 1.6 mm. 

Head in dorsal view moderately trilobed and stout, 
widest just posterior to eyes, head in profile narrowly 
rounded and elongate, snout bluntly rounded, anterior 
most point of snout just above nostril; anteriormost 
point of lower jaw posterior to nostril; rostral longer 
than wide (-2.1 mm long x 1.6 mm wide), -40% of 
head width, narrowly bell-shaped, widest at anteriorly 
at rostral-nasal suture, narrowing posteriorly, anterior 
protrusion of rostral from rostral-nasal suture shallowly 
concave, posterior edge of rostral scale deeply concave, 
not reaching eyeline; frontal wider than long, -1.5 
times wider than long, -3 times the area of postfrontal; 
postfrontal smaller than frontal and interparietal, wider 
than long, -1.5 times wider than long; interparietal 
wider than long, -2 times wider than long, -1.5 times 
the size of postfrontal in area; supraoculars -equal to 
frontal in area, widely separated by postfrontal scale, 
separation -one-third of postfrontal width; parietals 
slightly smaller than supraoculars in area, length slightly 
shorter than supraoculars, width -equal to supraoculars, 
length, widely separated by interparietal, separation 
-one-quarter width of interparietal; nasal scale narrower 
than high, widest just above nostril, partially divided 
vertically by nasal cleft, widely separated by frontal, 
separation -one-third frontal width, greater than 
supraocular and interparietal separation; preocular 
much narrower than high, widest just above nostril, 
-one-half the size of nasal in area; ocular narrower 
than high, -1.25 times the size of preocular, shallowly 
wedged between third and fourth supralabial, in contact 
with preocular, supraocular, parietal, upper and lower 
postoculars, third and fourth supralabials; eyes small 
and rounded, -equal to size of nostril, inconspicuous, 
positioned under ocular scale in apex of scale; nostrils 
inferior, not visible in dorsal view, slightly anteriorly 
offset to middle of nasal scale, slightly closer to 
preocular than rostral suture of nasal (appears closer 
to rostral in lateral view); nasal cleft originates from 
antero-dorsal edge of second supralabial, extends 
dorsally and anteriorly gradually to postero-ventral edge 
of nostril, from nostril extends dorsally and posteriorly, 
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FIGURE 1 Holotype of Anilios vagurima sp. nov. (WAM R163524). Scale bar = 10 mm. 


nearly parallel to rostral-nasal suture, to terminate near 
apex of nasal scale, approximately midway between 
rostral and preocular scales, slightly closer to rostral 
than preocular, cleft termination point and dorsal half 
of nasal cleft extension from nostril visible in dorsal 
view; supralabials four; first supralabial smallest and 
overlapped by nasal; second supralabial -3.0-3.5 times 
the size of the first, overlapped by nasal and preocular, 
overlapping third supralabial; third supralabial -2.5 
times the size of second, overlapped by preocular 
and overlapping ocular and fourth supralabial; fourth 
supralabial largest, -2 times the size of third, overlapped 
by third supralabial and ocular, overlapping lower 
postocular and 4-5 body scales, posterior edge extends 
beyond posterior edge of ocular; supralabial imbrication 
pattern consistent with type T-III sensu Wallach (1993); 
mental scale -2 times wider than long; postmental 
-equal in size, widely separating first infralabials; 
infralabials four, first and second smallest, third -1.5 
times larger, fourth largest, -1.25 times the size of third. 

Body width constant between head and tail, -3.8 
mm, tapers slightly towards head and tail; tail short 
(4.4 mm), 1.4% of SVL, tapering gradually from vent to 


bluntly rounded point, terminal tail scale not present in 
specimen (scale appears to have become detached); body 
scales -2 times wider than long, smooth and imbricate, 
in contact with or narrowly separated from flanking 
body scales, posterior edge overlapping anterior portion 
of proceeding scale; anal scales five, -equal to one-half 
the size of preceding body scales. 



FIGURE 2 Head scalation of Anilios vagurima sp. nov. 

holotype (WAM R163524) in dorsal, ventral 
and lateral view. Scale bar = 1 mm. 
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Colouration 

In preservative, contrasting dorsal and ventral 
colouration along body length, dorsum light brownish, 
scales dark with pale anterior edge, 7-11 body scales 
wide, widest at midbody, with abrupt lateral transition 
to pale tan-coloured ventrum; snout pale with darker 
patches. No known photos in life. 

DISTRIBUTION 

The species is known only from the type locality on 
Mornington Wildlife Sanctuary in the east Kimberley of 
Western Australia (Figure 3). 

HABITAT 

The type specimen was collected from open savannah 
woodland habitat. Habitat was characterised by a canopy 
dominated by Eucalyptus brevifolia and occasionally 
other trees (including E. opaca, E. tectifica, Corymbia 
grandifolia and C. polycarpa), over a sparse shrub 
cover (<10%) comprising mixed small to medium 
shrubs (including Carissa spinarum, Dodonia oxyptera , 
Brachychiton diversifolius and Persoonia sp.) and patchy 
cover of mixed tussock grasses (-30-60%), dominated 
by Sehima nervosum and other grasses (including 
Aristida sp., Chrysopogon fall ax , Heteropogon 
contortus , Sorghum timorense and Themeda triandra ), 
on a compacted red-brown clay-loam substrate with 
sparsely scattered termite mounds (Figure 4A). 


The description above is for the habitat around the 
time the type specimen was collected in 2006 during a 
period the site was unburnt; however, fires occurred at 
the site on numerous occasions, including in 2009 and 
2018 (Figure 4B). Following burn events, the habitat 
above differs in that understory vegetation is largely 
void preceding natural regrowth of shrubs and grasses, 
which may result in structural and density changes 
over time during periods of regrowth at the site. It is 
unknown if, or how, the occurrence of fire may influence 
the occurrence of the species at the site. 

ETYMOLOGY 

The specific epithet vagurima (pronounced vah-goo- 
ree-mah, with accent on the second syllable) is formed 
from the Latin words vagus (wandering, stray) and rima 
(cleft, fissure), as in ‘wandering-cleft’, in reference to the 
wandering path and termination point of the nasal cleft 
diagnostic for the species. Used as a noun in apposition. 

COMPARISON WITH OTHER SPECIES 

Anilios vagurima sp. nov. differs from 36 of the 
46 native Australian Anilios species and introduced 
Indotyphlops braminus by its number of MBSR (22 vs. 
16, 18, 20 or 24), which does not vary within any Anilios 
species. Of the ten congeners with 22 MBSR (A. australis , 
A. bicolor, A. endoterus, A. hamatus, A. kimberleyensis, 
A. nigrescens, A. pilbarensis, A. robertsi , A. torresianus. 



123.00 124.00 125.00 126.00 127.00 128.00 129.00 


FIGURE3 


Distribution of Anilios vagurima sp. nov. (red star) within Kimberley region of Western Australia. Grey 
shading represents topography, green shading indicates conservation reserves or National Parks and black 
lines represent major roads and tracks 
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FIGURE 4 Type locality habitat of Anilios vagurima 
sp. nov. at Mornington Wildlife Sanctuary, 
Kimberley region, Western Australia: 
A) In unburnt condition. Photo taken 6 
October 2008 (photograph: Australian 
Wildlife Conservancy); B) Following 2018 
burn. Photo taken 6 November 2018 
(photograph: Melissa Bruton, Australian 
Wildlife Conservancy). 


A. troglodytes), A. vagurima can be diagnosed by a 
combination of the following; DBS 552 (vs. <525 in A. 
kimberleyensis or <450 in A. australis, A. bicolor, A. 
endoterus, A. hamatus, A. kimberleyensis, A. nigrescens, 
A. pilbarensis and A. torresianus), snout moderately 
trilobed in dorsal view (vs. weakly trilobed in A. 
endoterus, A. hamatus and A. pilbarensis or rounded in 
A. australis, A. kimberleyensis, A. nigrescens, A. robertsi, 
A. torresianus and A. troglodytes ) and narrowly rounded 
in profile (vs. angular in A. bicolor, A. endoterus, A. 
hamatus or beaked in A. pilbarensis), rostral scale bell¬ 
shaped, -40% of head width (vs. broadly to narrowly 
subovate, circular or elliptical in A. australis, A. 
bicolor, A. endoterus, A. hamatus, /l. kimberleyensis, A 
nigrescens, A pilbarensis, A robertsi, A torresianus, A 
troglodytes), nasal scale partially divided vertically by 
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nasal cleft (vs. divided in 4. troglodytes and sometimes 
divided in A endoterus) and unique origin (second 
supralabial vs. preocular in A endoterus, /l. nigrescens 
and A pilbarensis or sometimes at junction of first and 
second supralabial in A australis, A hamatus and A 
torresianus ), path from nostril (extending dorso-posterior 
direction, nearly parallel to rostral-nasal suture vs. 
anterior or dorso-anterior direction towards rostral in 
A australis , /l. bicolor, A. endoterus, A. hamatus, A. 
nigrescens, A. pilbarensis, A. robertsi ) and termination 
point (apex of nostril scale vs. nostril, midway between 
nostril and rostral or at rostral in A australis, A. bicolor, 
A. endoterus, A. hamatus, A. nigrescens, A. pilbarensis, 
A. robertsi and A troglodytes ) of nasal cleft, and nasal 
cleft clearly visible in dorsal view (vs. only just in A. 
robertsi or not visible in A. australis, A. bicolor, A. 
endoterus, A. hamatus and A pilbarensis ). 

Of the 11 Anilios species known to occur in the 
Kimberley region of Western Australia, A. vagurima 
can be diagnosed from nine (A. diversus, A. grypus, 
A. guentheri, A. howi, A. ligatus, A. micromma, A. 
unguirostris, A. yampiensis and A. zonula) in having 22 
MBSR (vs. 18, 20 or 24). Of the two species in the region 
with 22 MBSR (A. kimberleyensis and A. troglodytes), 
A. vagurima differs from A. kimberleyensis in having 
moderately trilobed snout in dorsal view (vs. rounded), 
narrowly rounded in profile (vs. bluntly rounded), 
higher number of DBS (542 vs. <510), path of nasal cleft 
upwards and towards rostral slightly, almost parallel 
to rostral-nasal suture, terminating -midway between 
rostral and preocular (vs. upwards and backwards and 
gradually closer to rostral-nasal suture towards terminus, 
with slightly recurved terminus towards rostral, 
terminating closer to rostral than preocular), nasal suture 
closest to rostral approximately midway between nostril 
and terminus (vs. at cleft terminus). It differs from A. 
troglodytes in having moderately trilobed snout in dorsal 
view (vs. rounded), fewer DBS (542 vs. >580), path of 
nasal cleft from nostril extending upwards and towards 
rostral slightly, almost parallel to rostral-nasal suture, 
terminating -midway between rostral and preocular (vs. 
upwards and forwards to, or nearly to, rostral scale). 

Within the Kimberley region of Western Australia, 
Anilios vagurima sp. nov. is most similar in appearance 
to A. kimberleyensis and A. unguirostris in general 
appearance. The type specimen of A. vagurima sp. 
nov. keys out to A. kimberleyensis using keys provided 
in Cogger (2018) and Storr et al. (2002); however, it is 
clearly distinguished from A. kimberleyensis as discussed 
above. With A. unguirostris, A. vagurima sp. nov. shares 
a moderately slender body form, contrasting dorsal and 
ventral colouration along body length and moderately 
trilobed snout in dorsal view; however, it differs in 
having fewer midbody scale rows (22 vs. 24), rounded 
snout lacking hook in profile (vs. hooked), nasal cleft 
originating from second supralabial (vs. first), from 
nostril extending upwards and backwards to top of head, 
parallel to rostral scale (vs. upwards and forwards to or 
nearly to rostral) and clearly visible from above (vs. not 
or scarcely). 
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REMARKS 

Placement of A. vagurima sp. nov. in the genus Anilios 
is based largely on geographic distribution as Anilios 
is the only typhlopid genus known to be represented 
in Australia, apart from the introduced Indotyphlops 
braminus. Diagnostic characteristics to differentiate 
Anilios and its former senior synonym, Ramphotyphlops , 
presented by Hedges et al. (2014) and Pyron and Wallach 
(2014) show shared characters and significant overlap 
with each other, resulting in difficulty of generic 
placement for new taxa. Species described on the basis 
of morphological data alone, A. insperatus Venchi, 
Wilson & Borsboom, 2015, A. fossor Shea, 2015 and A. 
zonula Ellis, 2016, have been allocated to Anilios solely 
on geographic grounds, whereas A. systenos Ellis & 
Doughty in Ellis et al., 2017 and A. obtusifrons Ellis 
& Doughty in Ellis et al, 2017 were assigned to the 
genus based on phylogenetic relationships inferred from 
molecular data (Shea 2015; Venchi et al. 2015; Ellis 2016; 
Ellis et al. 2017). 

Like many other Anilios species only know from the 
type or very few specimens in the Kimberley region, A. 
vagurima sp. nov. is Data Deficient under the IUCN Red 
List assessment criteria (IUCN Standards and Petitions 
Subcommittee 2017) due to the absence of sufficient 
information on the species extent of occurrence, area of 
occupancy, population information and potential threats 
to undertake a full assessment and determine the species 
conservation status with certainty. 

DISCUSSION 

The description of Anilios vagurima sp. nov. increases 
the number of species in the genus Anilios to 48, 47 of 
which are endemic to Australia, making it the equal 9th 
(tied with elapid genus Hydrophis and viperid genera 
Crotalus and Trimeresurus ) most species rich snake 
genus globally. It also highlights the high diversity 
of blindsnakes within the already diverse Kimberley 
region, with 12 species (-25.5%) now known from 
the region, 13 including the introduced I. braminus. 
This diversity is currently unparalleled by any other 
region across Australia with the nearest (the Northern 
Territory’s Top End and Queensland’s Cape York regions 
currently only having nine species each. This, however, 
may be attributed to limited sampling of blindsnakes 
within these regions. 

Although not all species occurring in the Kimberley 
were included, Marin et al. (2013) identified high 
levels of undescribed diversity and multiple cryptic 
taxa within existing species where more than a single 
sample was included (i.e., A. diversus , A. guentheri, A. 
kimberleyensis, A. ligatus and A. unguirostris ), despite a 
historically limited sampling effort across the region in 
comparison to some others (i.e., Pilbara and south-west 
of Western Australia) (Ellis 2016). 

The description of yet another blindsnake 
species based on morphology alone, and without 
supporting molecular data, further supports the highly 


underestimated species diversity occurring in Australian 
blindsnakes suggested by Marin et al. (2013). On the 
basis that four of the six most recently described Anilios 
species were described on morphology alone, recent 
descriptions may also be indicative of true diversity 
being greater than the 207-341% (based on 27 nominal 
taxa samples) suggested by Marin et al. (2013). 
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ABSTRACT - The land snail genus Bothriembryon Pilsbry, 1894, endemic to southern 
Australia, contains seven fossil and 39 extant species, and forms part of the Gondwanan family 
Bothriembryontidae. Little published data on the geographical distribution of fossil Bothriembryon 
exists. In this study, fossil and modern data of Bothriembryon from nine Australian museums 
and institutes were mapped for the first time. The fossil Bothriembryon collection in the Western 
Australian Museum was curated to current taxonomy. Using this data set, the geological age of fossil 
and extant species was documented. Twenty two extant Bothriembryon species were identified 
in the fossil collection, with 15 of these species having a published fossil record for the first time. 
Several fossil and extant species had range extensions. The geological age span of Bothriembryon 
was determined as a minimum of Late Oligocene to recent, with extant endemic Western Australian 
Bothriembryon species determined as younger, traced to Pleistocene age. Extant Bothriembryon 
species from the Nullarbor region were older, dated Late Pliocene to Early Pleistocene. Cave 
environments proved an excellent source of fossil Bothriembryon material, where shells often 
showed signs of predation. The dataset from this study provided insights into the origin and radiation 
of Bothriembryon, and will enable future phylogenetic dating. 

KEYWORDS: Gondwana, Orthalicoidea, aridification, extinction, Western Australia 


INTRODUCTION 

Molluscs are important in understanding changes 
in biodiversity over time due to the high preservation 
rate of their hard calcareous shells and consequently 
long fossil record, compared to other invertebrates (Jell 
and Darragh 1998). But not all fossils are preserved 
and/or collected, and as such the global fossil record 
is imperfect (Behrensmeyer et al. 1992; Harper and 
Brenchley 1998). Fossilised molluscs not only provide 
information on the geological past through shell dating 
methods such as Uranium-series or Radiocarbon 
dating, but can provide past information on the 
ecology (e.g. predation = praedichnia), morphology 
(e.g. morphological stasis) and evolution of a group 
(Peppe and Deino 2013). While the use of molluscs 


for palaeoecological studies is on the rise, taxonomy 
has become less recognised, despite being inextricably 
intertwined with it (Forey et al. 2004). 

In Australia, most molluscan fossils are of marine 
origin, with the terrestrial and freshwater component 
relatively sparse (Jell and Darragh 1998; Smith and 
Stanisic 1998). This is not unexpected as terrestrial 
mollusc deposits are less common in the southern 
hemisphere (Smith and Stanisic 1998) possibly due to 
high erosion via physical, chemical and particularly 
biological processes (Behrensmeyer et al. 1992). 
Environmental conditions in inland Australia during 
the Tertiary were generally poor for preserving fossils 
and hence few faunal deposits are known from this time 
period (Breed and Ford 2007). Bishop (1981) remarked 
that few Australian land snail fossils are known and the 
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prospect of discovering more are not good, indicating 
this is a preservational bias rather than a sampling 
bias. Despite this, large fossil mollusc collections 
remain unstudied in most Australian museums and 
universities (Jell and Darragh 1998). This includes fossil 
material of the endemic land snail genus Bothriembryon 
Pilsbry, 1894, a member of the Gondwanan family 
Bothriembryontidae containing seven fossil and at least 
39 extant species (Breure and Ablett 2012; Breure and 
Whisson 2012; Schneider and Morrison 2018; Stanisic 
et al. 2018). 

TAXONOMIC HISTORY OF FOSSIL 
BOTHRIEMBRYON PILSBRY, 1894 SPECIES 

The first described fossil species of Bothriembryon 
Pilsbry, 1894 was Bulinus gunnii Sowerby in Strzelecki, 
1845 from south-east Tasmania, later clarified as 
genus Bulimus (misspelt) and distinct from the extant 
Bothriembryon tasmanicus (Pfeiffer, 1853) (Kershaw 
1981). Similar to the extant fauna (Breure and 
Whisson 2012), fossil Bothriembryon have received 
little to no recent taxonomic attention, with only six 
additional species described from the fossil record in 
over 170 years since Bothriembryon gunnii was first 
discovered in Tasmania. Five of these species were 
from south-western Western Australia (SWWA): B. 
consors Kendrick, 1978 and B. gardneri Kendrick, 
1978 from Windy Harbour; B. douglasi Kendrick, 
1978 and B. ridei Kendrick, 1978 from Shark Bay; B. 
kremnobates Kendrick, 2005 from the Roe Plains. The 
remaining species, B. praecursor McMichael, 1968 was 
described from central Australia, being later revised by 
Ludbrook (1980). McNamara et al. (1991) listed Western 
Australian Museum type material and Richardson 
(1995) treated described fossil species. Later Breure and 
Whisson (2012) illustrated all fossil species, some for 
the first time, and listed type material. 

GE0L0GICALAGE 

According to available literature, the oldest geological 
age of Bothriembryon has been determined as minimum 
Late Oligocene (Kershaw 1981) or broadly Tertiary 
(McMichael and Iredale 1959; McMichael 1968), based 
on the stratigraphy at the Tasmanian type locality of 
B. gunnii (Kershaw 1981). Similarly, stratigraphy at 
the Northern Territory type locality of B. praecursor 
has been dated as broadly Tertiary (McMichael 1968; 
Ludbrook 1980). Additional material of this species 
from South Australia narrowed the geological age 
to tentatively Miocene (Ludbrook 1963) or middle 
Miocene (Ludbrook 1980). Based on B. praecursor 
material, Kendrick and Wilson (1975) summarised the 
oldest age of Bothriembryon as tentatively Miocene, 
whilst Solem (1998) interpreted it as late Tertiary, but 
remarked that more records were needed to accurately 
determine the age of the Bothriembryon group. 
Kendrick (2005) suggested the age of B. praecursor 
needs clarification. 


Based on unknown fossil specimens, Zilch (1959) 
tentatively placed the oldest age of Bothriembryon as 
Pliocene. Kershaw (1981) discussed an early Miocene 
age for the whole group. 

FOSSIL DISTRIBUTION 

Considering only type material, a total of just 41 
lots, which are all holotypes and paratypes (note: B. 
gardneri erroneously listed as syntypes in Breure and 
Whisson 2012), the fossil distribution of Bothriembryon 
is restricted to the seven type localities around Australia 
(Breure and Whisson 2012) or in some cases, also in 
close proximity to them. 

Available literature enhances this geographical 
distribution. In northern Western Australia (WA), 
an interesting record from the coastal part of Cape 
Range extends the known distribution much further 
north (Slack-Smith 1993). Kendrick and Wilson (1975) 
documented B. costulatus (Lamarck, 1822) from the 
mainland as well as insular Shark Bay, with B. onslowi 
(Cox, 1864) restricted to the mainland. Wilson (2008) 
later found fossil shells of B. onslowi from Faure Island 
in Shark Bay. Other Bothriembryon specimens have 
been analysed for dating at Shark Bay (Hearty 2003). 
Whisson and Kirkendale (2017) identified Holocene B. 
whitleyi Iredale, 1939 from the Geraldton area. 

In south-east WA and eastward, fossil B. barretti 
Iredale, 1930 specimens were noted from the Roe 
Calcarenite and Bridgewater formations (Ludbrook 
1978), with a very similar specimen noted from St 
Francis Island in South Australia (Kershaw 1985, 1986). 
This latter record extends the mainland distribution 
eastward significantly and offshore. A fossil record 
was documented from the Kent Group to the north of 
Tasmania (Kershaw 1981). 

In lower SWWA, subfossils of B. rhodostomus (Gray, 
1834) (tentative identification) were recorded from near 
Esperance, apparently exposed in large numbers (Cram 
2010). Kendrick and Wilson (1975) recorded B. melo 
(Quoy and Gaimard, 1832) at Bremer Bay and Limestone 
Head. On the Leeuwin-Naturaliste Ridge, unidentified 
fossils were noted from soil pockets at Hamelin Bay 
(Fairbridge 1967), and B. sayi (Pfeiffer, 1847) was 
recorded from a cave deposit near Margaret River and 
used for dating (Prideaux et al. 2010). 

In central Australia, McMichael (1968) and Ludbrook 
(1980) listed specimens of B. praecursor from north-east 
inland South Australia (SA). Lowry (1970) discusses 
an isolated fossil specimen inland c. 145 km north of 
Rawlinna, on the southern edge of the Great Victoria 
Desert. 

In this study we aimed to curate the large Western 
Australian Museum (WAM) Bothriembryon collection 
to current taxonomy (Breure and Ablett 2012; Breure 
and Whisson 2012; Stanisic et al. 2018) and to define 
the geological age of identified Bothriembryon species 
(where available). 
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We also assess the distribution of fossil and modern 
Bothriembryon in Australia, providing some insights 
into its origin and radiation. 

MATERIALS AND METHODS 

Fossil and modern Bothriembryon data were 
requested from Australian museums (AM, MV, 
SAM, WAM, QM, TMAG, MAGNT; see below for 
abbreviations) and institutes (GA, GSSA). Where 
locality coordinates were missing (c. 40% of records) 
they were approximated using a combination of 
Google Earth Pro Software (Ver. 7.3.2.5491) and the 
Geoscience Australia Gazetteer of Australia Place 
Names (Geoscience Australia 2019). In many cases 
erroneous localities or coordinates were corrected. 
Distributional maps were plotted using ArcGIS 
10.1 software. 

Only those specimens in the WAM Palaeontology 
Department were examined for identification 
(or confirmation) using shell morphological 
characters under a Leica M80 dissecting microscope, 
and compared with available literature and type 
specimens. Shell measurements i.e. maximum shell 
height (H) and maximum shell diameter (D) were 
taken from intact adult shells using digital callipers to 
0.01 mm and followed the methods figured by Breure 
(1974: fig. 2). 

Stratigraphic dating was made using the International 
Chronostratigraphic Chart (Cohen et al. 2013) or the 
Australian Stratigraphic Units Database (ASUD) 
(Geoscience Australia and Australian Stratigraphy 
Commission 2018). 

To assist with identification, a silicone cast of 
Bothriembryon from a mould found in pisolitic ‘kankar’ 
c. 145 km north of Rawlinna (WAM 70.158) was 
produced. The rock sample was first stabilised and 
sealed using a solution of Butvar B-76 and Ethanol 
Absolute 100% BP. The mould was then surrounded 
by NSP Sulphur-free plasticine and the cast was made 
using a silicone mix of RTV 3428A/B at a ratio of 10:1, 
with black Biodur AC 55 used for colour. The apex of 
the cast was scanned using a Desktop Hitachi TM3030 
Plus SEM, fixed in position by carbon tape. Shell 
images were taken using a Canon 6D digital camera, 
with the silicone cast coated with ammonium chloride 
prior to imaging. 

Abbreviations used for depositories of material 
are: AM, Australian Museum, Sydney; FMNH, 
Field Museum of Chicago, Chicago; GA, Geoscience 
Australia, Canberra; GSSA, Geological Survey of 
South Australia, Adelaide; MAGNT, Museum and Art 
Gallery of Northern Territory, Darwin; MV, Museum 
of Victoria, Melbourne; NHMUK, Natural History 
Museum, London; QM, Queensland Museum, South 
Brisbane; SAM, South Australian Museum, Adelaide; 
TMAG Tasmanian Museum and Art Gallery, Hobart; 
WAM, Western Australian Museum, Perth. 


RESULTS 

FOSSIL TAXONOMY 

Fossil Bothriembryon were represented by 631 
registered lots in Australian museums and institutes: 
WAM (613 lots), AM (9 lots), GA (4 lots), GSSA (4 lots) 
and QM (1 lot). No records were located at SAM, TMAG, 
MAGNT or MV. Additional material was included from 
the NHMUK (1 lot). 

Seven described fossil species and 22 described extant 
species were identified from fossil material during this 
study (Table 1). Of the 22 extant species, 15 have a fossil 
record published for the first time here: B. bulla (Menke, 
1843); B. dux (Pfeiffer, 1861); B. esperantia Iredale, 
1939; B. fuscus Thiele, 1930; B. gratwicki (Cox, 1899); 
B. indutus (Menke, 1843); B. irvineanus Iredale, 1939; 
B. jacksoni Iredale, 1939; B. kendricki Hill, Johnson 
and Merrifield, 1983; B. leeuwinensis (Smith, 1894); B. 
mastersi (Cox, 1867); B. naturalistarum Kobelt, 1901; B. 
notatus Iredale, 1939 (treated here as a distinct species 
from B. kingii); B. perobesus Iredale, 1939; B. sayi. 

Sixteen extant species did not have a fossil record: B. 
angasianus (Pfeiffer, 1864); B. balteolus Iredale, 1939; 
B. bradshawi Iredale, 1939; B. brazieri (Angas, 1871); B. 
decresensis , Cotton 1940; B. distinctus Iredale, 1939; B. 
glauerti Iredale, 1939; B. kingii (Gray, 1825); B. perditus 
Iredale, 1939; B. praecelsus Iredale, 1939; B. revectus 
Iredale, 1939; B. riche anus Iredale, 1939; B. sedgwicki 
Iredale, 1939; B. serpentinus Iredale, 1939; B. sophiarum 
Whisson and Breure, 2016; B. spenceri (Tate, 1894). 

The most abundant species in the fossil collection was 
B. leeuwinensis (>170 lots). Additionally, several putative 
new species were recognised during curation of the 
WAM collection and await description. 

GEOGRAPHICAL DISTRIBUTION 
Fossils 

Based on available registered specimens, the 
geographical distribution of fossil Bothriembryon species 
is largely restricted to coastal areas within SWWA (at the 
northern, southern and eastern extremities), central South 
Australia and south-east Tasmania. However, sparse 
records from inland, lower Northern Territory and inland 
northern South Australia exist (Figure 1). 

In WA, fossil Bothriembryon specimens have been 
recorded from along a near continuous distribution 
from the northern tip of North West Cape south to 
Rockingham, before a large gap (c. 165 km) south to 
the Busselton area. They are then recorded from Cape 
Naturaliste to Cape Leeuwin, and after a small gap 
(c. 55 km) intermittently eastward from the Donnelly 
River mouth to the WA/SA border (including other 
significant gaps within this range). Records also occur 
on islands at Shark Bay (Dirk Hartog, Bernier and Dorre 
Islands), Rottnest Island and some islands of the Recherche 
Archipelago (Goose, Observatory and Salisbury Islands). 
Significantly, inland records occur near Tallering Peak, 
Salmon Gums, Balladonia, Forrest Airport near Reid and 
north of Rawlinna in the lower Great Victorian Desert. 
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FIGURE 1 Fossil records of Bothriembryon species in 
Australian museums and institutes (c. 631 
lots as of 3 April 2019). 



FIGURE 2 Modern records of Bothriembryon species 
in Australian museums and institutes 
(c. 7,436 lots as of 3 April 2019). 


In South Australia, fossil specimens have been found 
coastal near Point Sinclair and Cape Bauer, and well 
inland to the north-east at Lake Palankarinna. In the 
Northern Territory they have been found in the vicinity 
of Deep Well Homestead, and in Tasmania, at Hobart. 
There are noticeable absences from Victoria, New South 
Wales, Australian Capital Territory and Queensland. 

Modern 

Modern records of Bothriembryon were mapped for 
the first time. This included a total of 7,436 lots from 
the following Australian museums: WAM (5,709 lots); 
AM (463 lots); MV (326 lots); SAM (513 lots); FMNH 
(279 lots); TMAG (76 lots); QM (48 lots) and MAGNT 
(22 lots). 

The geographical distribution of modern 
Bothriembryon largely mirrors the fossil distribution, 


having a range from Exmouth in Western Australia, 
southward to eastern South Australia, with isolated 
occurrences in lower Northern Territory and eastern 
Tasmania (Figure 2). A potentially significant specimen 
has been found from lower Victoria, but label data needs 
confirmation. 

The modern distribution is more prevalent inland than 
that of the fossils, with populations in the Pilbara and 
mid-west regions, and scattered occurrences throughout 
SWWA. The modern occurences in Tasmania also 
mirror these trends, with more records and more inland 
incursions. 

GE0L0GICALAGE 

The geological age of Bothriembryon spans from a 
minimum Late Oligocene (>25.7 MYA), based on the 
stratigraphy of the extinct Tasmanian B. gimnii (Kershaw 
1981), to recent (= Holocene). Specimens of the extinct 
B. praecursor from the Etadunna Formation in South 
Australia (WAM 70.1801) are more defined, being Late 
Oligocene to Miocene (25.7-12.5 MYA) (Table 1). 

All extant, endemic Western Australian species have 
a Pleistocene age (2.58 MYA-11.7 KYA). Similarly all 
extinct, endemic Western Australian species terminate 
in the Pleistocene. Some extant species, which occur 
across the Nullarbor into South Australia {B. barretti , 
B. indictus Iredale, 1939) were recorded as older, being 
dated as Late Pliocene to Early Pleistocene (2.6-1.8 
MYA) from the Roe Calcarenite formation. The extinct 
Nullarbor species B. kremnobates can be traced back to 
the late Pliocene. A specimen from c. 145 km north of 
Rawlinna (WAM 70.158, Figure 3 and 4) identified as B. 
cf. praecursor during this study, was tentatively dated as 
Pliocene to Pleistocene (5.33 MYA-11.7 KYA) (Lowry 
1970). 

SHELL SIZE 

The adult internal cast from Rawlinna (WAM 70.159) 
measured 21.83 mm H, 12.80 mm W and 1.705 H/W 
(Figure 3F-H). The inland specimen from near Reid, 
identified as B. cf. praecursor (WAM 78.297) measured 
27.95 mm H, 14.84 mm W and 1.883 H/W (Figure 
3D-E). 


SHELL PRAEDICHNIA 

Fossil shells of several extant species showed signs 
of extensive predation, typically having the shell spires 
removed. This was most common for the species B. 
leeuwinensis in cave deposits along the Cape Leeuwin- 
Cape Naturaliste Ridge (Figure 5). Similarly, but less 
frequently, it was noted for the species B. perobesus 
in cave deposits near the mid-west coast as well as the 
rock dwelling B. indutus. It was also noticed in extinct 
species such as B. consors and B. douglasi. 

DATA SET 

An excel file of the curated WAM Bothriembryon 
fossil collection is available upon request to the WAM 
Palaeontology Section. 












TABLE 1 Geological age of Bothriembryon species in the Western Australian Museum Palaeontology collection based on stratigraphy (note: +extinct taxa, source: 1 WAM Label; 
2 Kershaw 1981; 3 Geoscience Australia and Australian Stratigraphy Commission 2018; 4 Shackleton et al. 2003; 5 Playford et al. 2013; 6 Cohen et al. 2003). 
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FIGURE 3 Plate of fossil and modern Bothriembryon species from the Nullarbor region and north-east South Australia. 

A-C, B. praecursor. WAM 70.1801 v; D-J, B. cf. praecursor, D-E: WAM 78.297; F-H: WAM 70.159; 
l-J: WAM 70.158g (cast); K-M, B. barretti, WAM S1635; N-P B. indictus: WAM 70.2160L Scale bar = 10 mm. 
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FIGURE4 SEM image of protoconch and early 
teleoconch whorls of silicon cast of 
Bothriembryon cf. praecursor fossil from 
c. 145 km north of Rawlinna, WA (WAM 
70.158g), 40x magnification. 

DISCUSSION 

Smith and Stanisic (1998) remarked that no detailed 
taxonomic analysis had been made on fossil Australian 
molluscs and this deficit still exists. Furthermore, 
fossil identification to family and genus level has 
been based purely on shell characters, a problem 
exacerbated by the incomplete knowledge of extant 
taxa. This study treated the relatively large WAM fossil 
Bothriembryon collection (n = 613 lots) using modern 
taxonomic literature (Breure and Ablett 2012; Breure 
and Whisson 2012; Stanisic et al. 2018), resulting 
in many specimens being identified or having their 
identifications corrected. These new data enabled 
previous evolutionary hypotheses on Bothriembryon 
to be investigated, and demonstrated the value of 
taxonomic curation of a fossil collection, which are 
often poorly identified (Smith and Stanisic 1998). For 
example, numerous fossil records at WAM, previously 
identified as B. sayi, and presumably published as such 
(e.g. Prideaux et al. 2010) were in fact B. leeuwinensis. 
This matter needs further investigation as syntypes of 
B. leeuwinensis at WAM (WAM SI5124) contained a 
mix of B. leeuwinensis and B. sayi specimens (Figure 5). 
The fossil collection also contained specimens of rare or 
presumed extinct species, such as B. gratwicki (WAM 
68.10) and B. whitleyi (WAM 68.10). 

Assembling fossil Bothriembryon data from 
Australian museums and institutes, combined with 
curation of the WAM Palaeontology collection, did 
not significantly expand the overall geographical 
distribution or geological age of the group, compared 
with available literature. However, the study provided 
accurate identifications and localities, and for available 
species, defined their oldest geological age. This large 
combined data set (and data gaps or absences) may 
provide new insights into the origin, radiation and past 


occupation of Bothriembryon in Australia. The fossil 
record for fauna from the SWWA is regarded as limited, 
but inclusion of fossil material enables phylogenetic 
dating and may generate new insight into evolution of 
SWWA biota (Rix et al. 2014). 

Fossil pulmonates in Australia are regarded as being 
late Tertiary or Quaternary in age (Smith and Stanisic 
1998), although Bishop (1981) reports no records 
prior to the Miocene. The oldest geological age of 
Bothriembryon being Late Oligocene i.e. B. gunnii and 
B. praecursor , falls within the Tertiary. The probable 
young geological age of Western Australian species 
compared with the slightly older age of Nullarbor 
species, and much older age of specimens from inland 
NT and SA and south-east Tasmania, may provide 
evidence for ancestry and radiation of the group. 
However, older records may exist (or existed) in more 
inland parts of WA but did not fossilise well or have not 
yet been exposed. This is because large parts of inland 
WA, known as cratons, are tectonically stable, long-term 
emergent crustal blocks with a thin and poorly preserved 
sedimentary cover. As such these areas are often 
overlooked in palaeoenvironmental studies (de Broekert 
and Sandiford 2005). 

It is suggested the occurrence of specimens in Tertiary 
deposits from central Australia (i.e. B. praecursor) may 
support the hypothesis that the genus was once more 
widespread across Australia (McMichael and Iredale 
1959; McMichael 1968; Kendrick 1983). It is proposed 
as the landscape aridified from the mid Miocene, c. 15 
MYA (Byrne et al. 2008), Bothriembryon contracted to 
mesic SWWA, leaving a somewhat patchy occurrence 
in northern areas (McMichael 1968; Kendrick 1983). 
Whilst this contraction may be the case for some 
Bothriembryon taxa (e.g. B. kingii group, B. fuscus ), it 
could have been an opportunity for expansion of others. 

McMichael (1968) and Ludbrook (1980) suggested 
B. praecursor was similar morphologically (and 
probably ecologically) to the Nullarbor B. barretti and 
may be ancestral, although Solem (1988) remarked 
the fossil specimens were not in appropriate condition 
for comparison to other species. In the opinion of the 
senior author the specimens of B. praecursor listed by 
McMichael (1968) and Ludbrook (1980) more closely 
resemble the Nullarbor group of species B. perditus , 
B. barretti , B. indictus and perhaps B. kremnobates 
than other Bothriembryon groups (Figure 3), based 
primarily on shell shape. However, Kendrick (2005) did 
not include the latter species. Given the slightly older 
geological age of these Nullarbor species i.e. Pliocene, as 
opposed to younger Pleistocene SWWA species (Table 
1), a radiation of the B. praecursor lineage southward 
may have occurred during the late Miocene glaciation, 
when the Nullarbor was not inundated by marine 
waters (Isem et al. 2001), combined with favourable 
aridification through to the Pleistocene (Hill 1994). The 
inland Bothriembryon record located c. 145 km north 
of Rawlinna and tentatively aged as Pliocene (Lowry 
1970) may further support this hypothesis. Lowry (1970) 
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FIGURE 5 Plate of fossil and modern Bothriembryon from along the Cape Naturaliste-Cape Leeuwin Ridge. 

A—I, B. leeuwinensis cave subfossils: A-C, predated shell, WAM 04.25a; D-F, intact adult shell, WAM 
04.25b; G-l, predated shell, WAM 04.25c; J-O, B. leeuwinensis mixed syntype lot: WAM SI5124, J-L, 
B. leeuwinensis adult shell, M-O, B. sayi adult shell. Scale bar = 10 mm. 
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suggested this fossil resembled the Nullarbor species B. 
barretti , but based on morphology and size of the adult 
internal cast (WAM 70.159, Figure 3F-H), and part 
silicone external cast (Figure 3I-J and 4) generated in 
this study, suggests it could be B. praecursor. The adult 
internal cast from Rawlinna (WAM 70.159) measured 
21.83 mm H, 12.80 mm W, 1.705 H/W, and although 
larger than the holotype (14.17 mm H, 9.00 mm W, 1.574 
H/W) (Breure and Whisson 2012), it lies close to the 
average size range of specimens (22.4 mm H, 13.5 mm 
W, 1.66 H/W) listed by Ludbrook (1980). 

Additionally, an inland (c. 100 km from coast) 
undated, strongly lithified fossil from a cave near 
Forrest Airport, Reid WA was identified as B. cf. 
praecursor (WAM 78.297, Figure 3D-E), again being 
larger (27.95 mm H, 14.84 mm W, 1.883 H/W) than the 
holotype. The likely late Pleistocene fossil specimen 
from St Francis Island in South Australia, tentatively 
identified as B. barretti (Kershaw 1985, 1986), suggests 
expansion of this Nullarbor group eastward during the 
arid Pleistocene, and may indicate a close relationship 
to Bothriembryon species in South Australia. Another 
similar species in this Nullarbor group, B. dux , was 
recorded in Pleistocene deposits at Salmon Gums, 
toward the west end of its range. 

The other major land snail family in Australia is the 
Camaenidae, long suspected as having an Asian origin 
(Solem 1997; Hugall and Stanisic 2011). Solem (1993) 
suggested a ‘red centre’ source for the Camenidae 
subfamily Sinumeloninae, which then colonised the 
Nullarbor and mid-west coast of Western Australia. 
Like Bothriembryon , the subfamily is absent from 
northern Australia and along the east coast (Solem 1993, 
1997). Typically Camaenidae and Bothriembryon are 
allopatric, but along the Nullarbor and mid-west coast 
of WA they are broadly sympatric, suggesting a similar 
biogeographic history (Scott 1997). 

The absence of fossil data is perhaps equally as 
meaningful as the presence of data, with much of eastern 
Australia i.e. Queensland, New South Wales, Canberra 
and Victoria void of Bothriembryon (Kershaw 1985). 
The isolated red centre B. spenceri, with no continuous 
connection to the modern or fossil biogeography of 
Bothriembryon , may suggest a different origin for 
this species, particularly as its shell morphology 
(shape) is not typical of the SWWA forms and more 
closely resembles that of South American or African 
bothriembryontids such as Prestonella Connolly, 1929 
and Plectostylus H. Beck, 1837. Perhaps it is a relictual 
Gondwanan taxon surving in climatic refugia as 
suggested by previous authors (Bishop 1981; Kendrick 
1983; Solem 1993; Ponder et al. 1998). Similarly 
B. tasmanicus appears to lack a fossil or modern 
connection with mainland Australian species and also 
has a shell morphology (shape) with closer affinity 
to South American or African bothriembryontids 
Prestonella and Plectostylus. Other workers have 
argued the placement of B. tasmanicus within the genus 


Bothriembryon is provisional (McMichael and Iredale 
1959; Bishop 1981) including the geographically nearby 
extinct B. gunnii (Solem 1988; Smith and Stanisic 1998). 
However McMichael (1968) suggested that B. gunnii 
was similar to B. leeuwinensis from SWWA. Smith 
(1984) remarked that the origin of B. tasmanicus and a 
southern South Australian species (name not listed) was 
unknown, with no fossil record to assist these questions. 

Many of the endemic SWWA species were not 
preserved in the fossil record and many areas in SWWA 
lack Bothriembryon fossils. Whilst this might reflect 
poor fossil record preservation caused by geological 
activity, it could also offer insight into the origin and 
radiation of Bothriembryon. In WA a large number of 
fossils have been found in the Shark Bay area, along the 
Cape Leeuwin to Cape Naturaliste Ridge (Figure 5), 
particularly in cave deposits (e.g. Skull Cave) and along 
the Nullarbor. Kendrick (1983) suggested species on the 
Cape Leeuwin to Cape Naturaliste Ridge originated 
from a south coast ancestor(s), due to the lack of modern 
or fossil records to the east and north. The large fossil 
record gap between Rockingham and Busselton, and 
east of the Cape Leeuwin to Cape Naturaliste Ridge 
supports this hypothesis. 

New records generated from this study may indicate 
a previous broader geographical occupation of 
Bothriembryon. The large fossil shells from Salisbury 
Island, located on the mid continental shelf c. 50 km 
from mainland (eastern Recherche Archipelago), 
tentatively identified as B. rhodostomus represent one 
of the outer-most island records of the group, and likely 
provide evidence of occupation during past glaciation 
events. A record of tentatively B. rhodostomus from 
the mainland near Esperance (WAM 67.380) may 
be ancestral to the island radiation of this group, but 
requires more work. These specimens resemble the form 
B. rhodostomus hullianus from the type locality Gunton 
Island. In the northern part of WA, fossil species B. ridei 
and B. douglasi were recorded from Bernier Island in 
Shark Bay (Kendrick 1978), a similar distance offshore 
as Salisbury Island. The Tallering Peak record, likely 
an un-named species, represents a significant inland 
occupation (c. 120 km from Geraldton) at northern 
latitudes. Slack-Smith (1993) suggested an unidentified 
Bothriembryon fossil of Pleistocene age from the Cape 
Range area may indicate that the northern range of 
Bothriembryon has contracted. 

In SWWA, fossil records of B. fuscus have 
been recorded from coastal areas such as Point 
D’Entrecasteaux (WAM 04.40, undated) and Broke 
Inlet (WAM 70.1870, Pleistocene), which is west of the 
type localities of Walpole and Denmark (Breure and 
Whisson 2012). As B. fuscus is a karri forest species 
(Iredale 1939; Stanisic et al. 2018), these records might 
indicate larger coastal stands of karri during more mesic 
times. A slightly broken specimen of B. gardneri was 
identified during this study from just south of Albany 
(WAM 69.428) extending its known range some 175 
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km eastward. Kendrick (1978) remarked the slightly 
larger B. gardneri may have been ancestral to B. fuscus, 
and as such this record from Albany may indicate past 
occupation of this karri associated species group further 
eastward. On the Cape Leeuwin-Cape Naturaliste 
Ridge, B. irvineanus was recorded from as far south as 
the Boranup area and south-east to Nannup, which sits 
outside of its type locality of Cape Naturaliste. 

Kendrick and Wilson (1975) suggested that as a 
result of increasing aridity during the Pleistocene, 
the Shark Bay species B. onslowi and B. costulatus 
reduced in shell size, whilst the larger B. douglasi and 
B. ridei became extinct, unable to cope with decreasing 
humid conditions (Kendrick 1978). During this study, 
a considerable number of the specimens previously 
identified as larger-sized Pleistocene B. costulatus (e.g. 
WAM 74.532, 66.1037, 66.288, 05.298) and B. onslowi 
(e.g. WAM 05.262, 79.3120, 87.247), presumably 
discussed by Kendrick and Wilson (1975) and listed by 
Kendrick (1978) were re-identified. They were mostly 
re-identified as the larger fossil species B. douglasi and 
B. ridei , or in the case of B. costulatus , sometimes the 
larger B. onslowi. Presumably Kendrick (1978) did not 
revisit the B. costulatus and B. onslowi material when 
describing the new fossil species B. douglasi and B. ridei 
and discussing size differences. Therefore the hypothesis 
of decreased shell size in a Bothriembryon species over 
time, due to increasing aridity as suggested by Kendrick 
and Wilson (1975) requires further work. 

An additional hypothesis is that ancestors of some 
Bothriembryon taxa were larger in shell size. For 
example, large Pleistocene specimens of B. consors were 
identified during this study from near the coast south¬ 
west of Albany (WAM 07.495), extending its known 
range some 165 km eastward. The shells possess axial 
stripes and are similar in size to the larger B. jacksoni 
in the B. kingii group. Perhaps B. consors was ancestral 
to the B. kingii group as suggested by Kendrick (1978), 
who also proposed a young (i.e. Quaternary) radiation 
for the B. kingii group. Bothriembryon consors may 
have been more widespread during mesic times, but 
with increasing aridity during the Pleistocene became 
disjunct due to a fragmenting habitat. Aridity, likely to 
be more extreme to the eastern parts of its range, could 
have resulted in the extinction of larger lineages, with 
smaller, more xeric tolerant lineages able to survive. 
Rix et al. (2014) suggests that Bothriembryon may 
have contained susceptible mesic-adapted lineages that 
became isolated due to increasing aridificiation, driving 
allopatric speciation. There are numerous examples 
of relatively large species confined to the Pleistocene 
aridification such as B. gardneri , B. ridei , B. douglasi 
and B. consors (Kendrick 1978). 

This study demonstrated that cave desposits provide 
an excellent source of fossil Bothriembryon material for 
a range of species (e.g. B. leeuwinensis, B. perobesus 
and B. dux). This is not unexpected as caves provide 
a favourable environment (i.e. stable temperature and 


humidity) for the preservation of animal fossils (van 
der Geer and Dermitzakis 2013). The observations of 
predation seen in many fossil Bothriembryon shells 
(largely those in caves) may have been be caused by 
rodents, given the nature of the broken shells (i.e. apex 
removal) as suggested by Solem (1998). Rodents often 
build dens and middens in caves, which are usually 
accumulations of the surrounding biota (Breed and 
Ford 2007). 
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ABSTRACT - Claramunt et al. (2019), published a list of vertebrate prey items taken by Ghost Bats in 
the Pilbara Region of Western Australia but did not identify the bat wing bones that were contained in 
their samples. We identified those bones to extend (from four to nine species) knowledge of other bats 
consumed by Ghost Bats in the Pilbara showing that bats are an important component of their diets. 

KEYWORDS: Ghost Bat, Diet, Pilbara 


INTRODUCTION 

The Ghost Bat (Macroderma gigas) is Australia’s 
largest microchiropteran bat. Its status is listed as 
Vulnerable (Cl) by the IUCN but is not listed in Western 
Australia, although its Conservation Priority status 
there is PI. (Woinarski et al. 2014). It is a carnivore that 
includes many small vertebrate species in a varied diet. 
Claramunt et al. (2019) published a list of vertebrate prey 
items recovered from refuse accumulations (middens) 
under Ghost Bat roosts and from DNA recovered 
from Ghost Bat scats in the Pilbara region of Western 
Australia (WA). Middens included material from large 
insects, amphibians, reptiles, birds and mammals, 
including bats. The bat material consisted of skulls, feet 
and wing bones. To identify mammal remains Claramunt 
et al. (2019) compared dentary and cranial items with 
vouchered specimens in the Western Australian Museum 
(WAM) collection. They did not use wing bones in the 
identification process. As we expected (from personal 
field observations) several other bats would have been 
included in the diets of Pilbara Ghost Bats, we sought to 
identify the wing bones in the midden material to extend 
knowledge of Pilbara Ghost Bat diets. 

METHODS 

Using a list of the microbats known from the inland 
Pilbara region of WA (McKenzie and Bullen 2009), we 
compared wing bones from the midden material with 
vouchered specimens in the WAM collections. The 
bones used were the radius (forearm) and the longest 
component of the 3rd metacarpal. As the proximal end 
of the forearm and the distal part of the metacarpal 
were often destroyed by the masticating Ghost Bats 


or otherwise damaged, only intact bones were used. 
Characters used were the lengths (in mm measured 
with a digital vernier caliper) and comparison of the 
3-D shapes of the bones, particularly the curvature of 
the radius (which was assessed visually). Taxonomic 
nomenclature follows the 2019 version of the WAM 
checklist of terrestrial vertebrate fauna of WA (Western 
Australian Museum 2019). The entire collection of 
midden material studied by Claramunt and us has been 
deposited in the WAM. 

RESULTS 

The bats that were identified are listed in Table 1. 

DISCUSSION 

We added five bats to the list of species reported by 
Claramunt et al. (2019) and confirmed two of the four bat 
species reported by them but, being unable to separate 
(using wing bones) the two species of Taphozous we 
were unable to confirm their presence to species level. 
Nevertheless, we confirmed the genus Taphozous was 
present. Bat species reported in Ghost Bat diets from 
around Australia are listed in Table 2. 

Although sample sizes are too small to quantify the 
ratios of different prey types, it is clear that other bats, 
in addition to small terrestrial mammals are commonly 
consumed by Ghost Bats. It is noteworthy that prey 
include species that utilise a wide variety of foraging 
strategies and airspaces (McKenzie and Bullen, 2009) and 
also that they include several species that commonly co¬ 
habit cave roosts with Ghost Bats in the Pilbara (Table 2). 
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TABLE 1 Comparison of the families and species of bats identified from ghost bat midden material collected from 
the Pilbara region of WA and identified by Claramunt et al. (2019) and this study. 


Family 

Species 

Claramunt et al. 

This study 

Emballonuridae 

Saccolaimus flaviventris 

No 

Yes 


Taphozous georgianus 

Yes 

? 


Taphozous hilli 

Yes 

? 


Taphozous sp. 

N/A 

Yes 

Molossidae 

Austronomus australis 

Yes 

Yes 


Ozimops lumsdenae 

No 

Yes 

Rhinonicteridae 

Rhinonicteris aurantia 

No 

Yes 

Vespertilionidae 

Chalinolobus gouldii 

Yes 

Yes 


Nyctophilus daedalus 

No 

Yes 


Vespadelus finlaysoni 

No 

Yes 


TABLE 2 Bat species reported in ghost bat diets around Australia. Sources: 1) Claramunt et al. (2019); 2) Douglas 
(1976) (Pilbara region, WA); 3) Schultz (1986) (Pine Creek, Northern Territory); 4)Toop (1985) (central coastal 
Queensland); 5) This study (Pilbara region, WA); 6) Brent Johnston, personal communication, bat remains 
from a ghost bat midden identified with Alex Baynes (Pilbara region, WA); 7) R.D. Bullen, unpublished data 
(Pilbara region, WA). 

Notes: * species known to cohabit cave roosts with Ghost Bats in the Pilbara 
1 as Tadarida australis ; 2 as Mormopterus beccarii ; 3 as Eptesicus finlaysoni. 


Family 

Species 

Roost site 

Source reference 

Embalonuridae 

Saccolaimus flaviventris 

Tree hollows 

5 


Taphozous georgianus* 

Caves 

1,2,4 


Taphozous hilli* 

Caves 

1 

Hipposiderideae 

Hipposideros ater 

Caves 

3 

Molossidae 

Austronomus australis 

Tree hollows 

1, 5, 6 1 


Ozimops lumsdenae 

Tree hollows 

5, 6 2 

Rhinolophidae 

Rhinolophus megaphylus 

Caves 

4 

Rhinonicteridae 

Rhinonicteris aurantia* 

Caves 

5,7 

Vespertilionidae 

Chalinolobus gouldii 

Tree hollows 

1, 5 


Nyctophilus daedalus 

Vegetation 

5 


Nyctophilus geoffroyi 

Vegetation 

6 


Miniopterus australis 

Caves 

2,3,4 


Vespadelus finlaysoni* 

Caves 

2 3 , 3 3 , 5, 6 3 
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ABSTRACT - Many oceanic islands have high levels of endemism, but also high rates of extinction, 
such that island species constitute a markedly disproportionate share of the world's extinctions. 
One important foundation for the conservation of biodiversity on islands is an inventory of endemic 
species. In the absence of a comprehensive inventory, conservation effort often defaults to a focus 
on the better-known and more conspicuous species (typically mammals and birds). Although this 
component of island biota often needs such conservation attention, such focus may mean that less 
conspicuous endemic species (especially invertebrates) are neglected and suffer high rates of loss. 

In this paper, we review the available literature and online resources to compile a list of endemic 
species that is as comprehensive as possible for the 137 km 2 oceanic Christmas Island, an Australian 
territory in the north-eastern Indian Ocean. This objective is helped by impressive biodiversity 
inventories made within a decade of the island's first human settlement (1888) that provide a 
reasonable baseline from which to measure the changes associated with the island's colonisation 
and development. However, there are some notable challenges in compiling this inventory: the spate 
of surveys that preceded and immediately followed the island's settlement has not been matched 
subsequently; many groups have not been sampled, or sampled only superficially; the taxonomic 
fate of some of the species initially described from the island is opaque; some endemic taxa are 
of contested taxonomic rank; and demonstrating endemicity is difficult given that there has been 
relatively little sampling in the nearest lands (Java and nearby islands, about 350 km distant from 
Christmas Island). 

We conclude that at least 253 species are endemic to Christmas Island (including 17 vascular 
plants, 27 molluscs, 15 crustaceans, 150 insects and 21 vertebrates). There has been a high rate of 
extinction of the island's endemic mammal and reptile faunas, with at least six of the 10 endemic 
species now extinct or extinct in the wild. In the last decade, an endemic mammal and an endemic 
reptile species became extinct, and two endemic reptile species became extinct in the wild. Given 
the array of introduced species and other environmental disruptions now present on the island, it 
is highly plausible that many endemic species in less conspicuous or charismatic groups are now 
imperilled or already extinct; indeed, we conclude that more than 50 endemic species have not been 
reported for >100 years. Hence, the recognised number of extinct and of threatened species on this 
island is likely to be severely under-estimated. Although most of the endemic vertebrate species are 
listed as threatened (or extinct), only one of the c. 200 endemic invertebrate species is formally listed 
as threatened. This lack of listing is likely to severely understate the conservation plight of many 
species, and most would merit recognition as threatened. 


KEYWORDS: conservation, endemism, extinction, fungi, invertebrates, island, lichen, plants, vertebrates 
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INTRODUCTION 

Oceanic islands support a disproportionately large 
share of the world’s biodiversity relative to their total 
area (Kier et al. 2009; Tershy et al. 2015). However, 
island-endemic species also make up a disproportionate 
share of the world’s modern extinctions, including the 
majority of recent extinctions in many taxonomic groups 
(Blackburn et al. 2004; Brooke et al. 2007; Sax and 
Gaines, 2008; Loehle and Eschenbach, 2012; Tershy 
et al. 2015; Doherty et al. 2016; McCreless et al. 2016; 
Woinarski et al. 2018). Hence, oceanic islands are a 
global priority for conservation attention. 

Conservation management for any island is likely to 
be most effective and appropriately directed if it rests 
upon a robust knowledge base of the island’s biodiversity 
attributes, such as the number and identity of its 
endemic species; and that its most imperilled species are 
recognised as such. Where such information is lacking 
or limited, there may be a high risk of species declining 
or going extinct before managers are aware of the 
species or aware of the need for remedial management 
action (Regnier et al. 2009; Regnier et al. 2015a; Regnier 
et al. 2015b). Such risks may be particularly severe for 
endemic species that are relatively inconspicuous and 
uncharismatic and those in relatively poorly-known 
taxonomic groups, such as most invertebrates (Diniz- 
Filho et al. 2010; Diniz-Filho et al. 2013): in contrast, 
island birds and mammals are generally well-known and 
the focus of most conservation attention. 

Here we consider the biodiversity of the 137 km 2 
Christmas Island, an Australian external territory in 
the tropical eastern Indian Ocean, and its conservation 
prioritisation. There is a marked taxonomic bias in the 
global and national (Australian, under the Environment 
Protection and Biodiversity Conservation Act) listing 
of threatened species (Walsh et al. 2012), which is 
particularly pronounced in the case of Christmas 
Island. Of its 14 endemic terrestrial vertebrate species, 
twelve are listed as threatened or extinct (Table 1), 
and a further five endemic subspecies of terrestrial 
vertebrates are also listed as threatened at the national 
level. For plants, one of the island’s 16 endemic species 
is listed as threatened, along with one endemic variety 
and two local populations of plant species with much 
more widespread distributions. In contrast, only one of 
Christmas Island’s c. 200 endemic invertebrate species 
is listed as threatened globally and none are listed 
nationally. In part, this disparity reflects contrasts in the 
amount of knowledge available for different taxonomic 
groups, but it is also a consequence of a pervasive 
tendency to highlight the conservation concerns of 
more charismatic taxonomic groups at the expense of 
those with less public appeal (Cardoso et al. 2011a; 
Cardoso et al. 2011b; Walsh et al. 2012). In the case 
of Christmas Island biodiversity, listing as threatened 
under Australian legislation provides some notable 
conservation benefits: listed species tend to be regularly 
monitored, such that information on population trends 
is routinely available; the potential impacts upon them 


of proposed developments must be considered through 
legislated environmental impact assessment processes; 
recognised threats to them are the subject of management 
investment and control; and they are explicitly considered 
in spatial land-use planning exercises (Butz 2004; Hill 
2004a; Hill 2004b; Schulz 2004; Schulz and Fumsden 
2004; Cogger 2006). In contrast, species that may 
be equally imperilled but are not formally listed as 
threatened are often neglected, compounding a lack 
of knowledge that will constrain their likelihood of 
being listed as threatened and perpetuating a lack of 
conservation attention. 

We aim to provide an inventory of species endemic 
to Christmas Island, as a basis for more comprehensive 
consideration of its biodiversity conservation values and 
needs. Such an inventory is of interest and importance 
for several reasons. First, and unusually, a substantial 
(albeit not exhaustive) inventory of the plants and 
animals of the island was compiled at about the time 
of the island’s initial settlement, from the late 1880s 
(Boulenger 1887, 1889; Butler 1887, 1889; Dendy 1887; 
Pocock 1887, 1900; Sharpe 1887, 1900; Thomas 1887, 
1889; Waterhouse 1887; Gahan 1889; Fister 1889; Smith 
1889; Ridley 1891, 1906a,b; Waterhouse et al. 1900). 
Part of the explicit purpose of this early collection work 
was to provide an exemplary baseline against which 
changes in the island’s biota (due to settlement and human 
influence) could subsequently be assessed (Andrews 
1900c; Andrews 1909): At has not hitherto been possible 
to watch carefully the immediate effects produced by 
the immigration of civilized man - and the animals and 
plants which follow in his wake - upon the physical 
conditions and upon the indigenous fauna and flora of 
an isolated oceanic island. I hope to arrange that this 
shall be done in the case of Christmas Island ’ (Murray 
1900). To some extent, this current paper facilitates some 
such assessment of the post-settlement fate of the island’s 
endemic biota. Regrettably, calamity befell the next major 
collection, by Carl Gibson-Hill collected over a 2-year 
period from 1938-40: c the greater part of the material 
obtained, covering the majority of the insect groups, was 
destroyed, unidentified, when the Kuala Lumpur Museum 
was bombed in 1945 ’ (Gibson-Hill 1949b). 

Second, from the time of the earliest biological 
sampling, the distinctiveness and endemicity of the 
island’s biota was recognised. For example, the first 
visiting naturalist, J.J. Fister in 1887, reported that "the 
most striking factor is the peculiarity of the fauna ’ (Fister 
1889). 

Third, the island has a highly unusual ecological 
context, largely determined by extremely high densities 
of a single invertebrate species, the red crab Gecarcoidea 
natalis (O’Dowd and Fake 1991; Green 1997; Green et al. 
1997, 1999). 

However, since the 1980s, the island’s ecology has 
been subverted through ‘invasional meltdown’ (Green 
et al. 2001, 2011) due to the extensive establishment 
of supercolonies of the invasive yellow crazy ant 
Anoplolepis gracilipes , which have encompassed up to 
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25-30% of the island at times (Abbott 2006). There have 
been subsequent episodes of control with broad-scale 
application of insecticide followed by rebounds in colony 
extent (Green and O’Dowd 2009). Such disruption by 
the yellow crazy ants may be expected to have caused 
appreciable detriment to many endemic species. In 
response to the threat posed by crazy ants, managers 
implemented broad-scale baiting with the insecticide 
Fipronil. This has had serious non-target impacts 
elsewhere (Peveling et al. 2003; Gibbons et al. 2015; Van 
der Sluijs et al. 2015). However, baiting on Christmas 
Island has been implemented strategically with stringent 
and substantial measures to mitigate non-target impacts 
customised for the local conditions (e.g. see EPBC Act 
Referral Notices and Decisions 2002/722, 2009/5016 and 
2012/6438 covering the three aerial baiting operations 
in 2002, 2009 and 2012 respectively; http://epbcnotices. 
environment.gov.au/referralslist/). Three targeted studies 
(Weeks and McColl 2011; Weeks 2013; Stork et al. 2014) 
found no substantial evidence of non-target impacts on 
invertebrates, although they did not assess impacts on 
most endemic invertebrates specifically, at least in part 
because there was no comprehensive listing of these then 
available. 

Many other plant and animal species - including 
invasive species known to have caused declines or 
extinctions in a wide range of island-endemic species 
elsewhere (e.g. black rat Rattus rattus , house cat Felis 
catus , giant centipede Scolopendra subspinipes , wolf 
snake Lycodon capucinus , giant African land snail 
Achaetina fulica ) (Amori and Clout 2003; Doherty et 
al. 2016) - have also been introduced, deliberately or 
inadvertently, to the island and many of these are likely to 
have had detrimental impacts on at least some Christmas 
Island endemic species. Furthermore, since its settlement, 
the island has had an almost continuous history of 
phosphate mining (with about 25% of the island’s original 
vegetation cleared for mining), and mining operations 
continue. Frequent proposals to extend mining operations 
require ongoing assessments of the likely impact upon 
biodiversity (particularly listed threatened species) from 
potential further forest clearing and mining operations 
(Frydenberg 2018). To properly assess the potential 
immediate and cumulative impacts of such proposed 
habitat loss it is necessary to be as explicit as possible 
about all the biodiversity assets at risk, and their status 
and their locations. Mining and other developments have 
also affected marine environments (such as damage to 
coral reefs for shipping infrastructure and from ships, 
spills of phosphate into marine environments, urban 
storm water run-off and oil spills), but these impacts are 
generally little documented (Hobbs et al. 2014a). 

As a consequence of these detrimental factors, there 
has been a very high rate of loss of endemic vertebrates, 
including the extinction of at least three and probably four 
of the island’s five endemic mammal species (Wyatt et al. 
2008; Woinarski et al. 2017) and the recent (since 2009) 
extinction (or extinction in the wild) of three of its four 
endemic lizard species (Smith et al. 2012; Andrew et al. 


2018). This gives reasonable grounds for concern that 
endemic species in less well-known groups might have 
become extinct, or are now highly imperilled, with such 
loss and decline going unnoticed. 

The primary objective of this study is to compile a 
list of species endemic to Christmas Island. This is not 
a straightforward exercise, for several reasons. First, 
there is no comprehensive list of species that have been 
recorded from the island, from which endemic, native 
but non-endemic, and introduced species can readily be 
categorised: an exemplary case where this has been done 
is for invertebrates of Lord Howe Island (Cassis et al. 
2003). The lack of such an inventory for Christmas Island 
also renders it difficult to compare proportional levels of 
endemicity among different taxonomic groups. Second, 
although some species have been recorded only from 
Christmas Island, it remains possible that some also exist 
in less well-sampled areas in the nearest land masses 
(e.g. Java, at c. 350 km distant) or more distantly. It is 
therefore possible that an inventory of species currently 
known only from Christmas Island may over-estimate 
the real extent of endemicity, but this is a general 
qualification in many such biogeographical analyses 
(Whittaker et al. 2008). Third, taxonomic boundaries are 
poorly resolved for many Christmas Island taxa. Highly 
conservative (mostly historical) taxonomy has seemingly 
treated several taxa as subspecies of more widely-ranging 
species rather than endemic species (James and McAllan 

2014) . In general, where such Christmas Island taxa of 
contested or indeterminate rank have been scrutinised 
using modern genetic or other systematic approaches, 
they have been shown to be valid species (Norman et 
al. 1998; Ng and Davie 2012; Orchard 2012; Eldridge et 
al. 2014; Rheindt et al. 2017). However, there is at least 
one contrary case where presumed endemic species have 
been shown to be not specifically distinct (Ohlsen et al. 

2015) . Fourth, many Christmas Island species have been 
recorded only in samples taken around the beginning 
of the twentieth century, and for some of these species 
there has been little subsequent taxonomic appraisal, so 
it is challenging to determine whether these described 
species remain valid, or whether taxa then considered 
to be referrable to more wide-ranging species may in 
fact be endemic. Fifth, although there have been some 
notable surveys of Christmas Island for many taxonomic 
groups, there are many groups that are unsampled or 
little sampled: this is likely to cause a potentially marked 
under-estimation in our tally of endemic species. Sixth, 
there has been some confusion in the literature relating to 
endemic species on this island, with attribution of some 
of its endemic species to a once-similarly named island 
(now Kiritimati), in the republic of Kiribati in the Pacific 
(Alcover et al. 1998). Given these caveats and constraints, 
we recognise that the list of endemic species developed 
here is an interim compilation, and we would expect and 
hope that it will be modified with ongoing research. 

Endemicity is also a somewhat nuanced concept. 
We include here as endemic: (i) some species that 
breed only on Christmas Island, but disperse widely 
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elsewhere in the non-breeding season (i.e. breeding 
endemic ), such as Christmas Island frigatebird Fregata 
andrewsi (James and McAllan 2014; Tirtaningtyas and 
Hennicke 2015); (ii) one species that has been extirpated 
from all parts of its formerly extensive breeding range 
other than Christmas Island (i.e. neoendemic ), being 
Abbott’s booby Papasula abbotti (Morris-Pocock et 
al. 2012); and (iii) species originally occurring only 
on Christmas Island but from which populations have 
been translocated elsewhere (i.e. original endemic ), 
for example, Christmas Island white-eye Zosterops 
natalis (Woinarski et al. 2014). With respect to this last 
category, family and business connections, resource 
needs and logistical tractability stimulated importation 
from Christmas Island to the Cocos (Keeling) islands 
of soil and timber, inadvertently with associated 
invertebrates in the late nineteenth and early twentieth 
centuries (Gibson-Hill 1950; Tweedie 1950), as well as 
some deliberate introductions of bird species (Gibson- 
Hill 1949a). Although we note some endemic subspecies 
in this account, our focus is on endemic species, largely 
because there is very uneven treatment of subspecies 
across taxonomic groups. 

This study is of intrinsic interest for biodiversity 
conservation on one island. But it is likely that at 
least some of the findings, particularly in relation 
to biases in threatened species’ listing, will have 
generalisations applicable to many other islands. 
Furthermore, the results from this study are likely to 
contribute to ongoing analyses of variation in the extent 
of endemism and its loss, and the factors associated 
with such variation, across sets of islands (Adler 1994), 
with such analyses currently constrained for some 
taxonomic groups by the relatively few islands with such 
information available. 

METHODS 

STUDY AREA 

Christmas Island is a solitary sea-mount island, of 
volcanic origin (Hoernle et al. 2011), in the tropical 
eastern Indian Ocean (at 10°25'S and 105°43'E) (Figure 1). 
It is the sole emergent peak within a large chain of 
volcanoes that formed about 80 million years ago, with 
subsequent volcanic reactivation 40-35 million years 
ago (Trueman 1965), and possibly also between five and 
three million years ago (Borissova 1994). It has likely 
been continuously emergent for at least three million, 
and possibly up to ten million, years (Grimes 2001; 
Humphreys and Eberhard 2001; Namiotko et al. 2004) 
2004), but with the most recent analysis indicating 
about 57-4.5 million years (Ali and Aitchison 2020). 
Its basaltic core is now mostly capped by a sequence of 
Tertiary limestones up to 250 metres thick. It is a rugged 
island, with a highest elevation of 361 metres. It has no 
outlying islets, and is distant in all directions from any 
other land mass. The main vegetation is tall rainforest. 
Freshwater environments are limited but diverse, and 
there is a complex mix of subterranean environments 


(Grimes 2001; Humphreys 2014). About one-quarter of 
the island has now been cleared as part of a phosphate 
mining venture that has operated almost continuously 
since the island’s settlement in 1887. A national park was 
established in 1980, and now encompasses 63% of the 
island (Director of National Parks 2014). 

Biological inventory of the island has been episodic 
and incomplete. Following the initial spate of collections 
around the first decade of the island’s settlement (see 
references in the Introduction), there was little sampling 
until some notable collecting in the 1930s (Chasen 
1933a,b; Gibson-Hill 1947a,b,c,d,e,f,g), followed by 
another hiatus until more sampling for some taxonomic 
groups in the decades since the 1970s. The intermittent 
and variable nature of sampling for most taxonomic 
groups largely precludes the use of species’ accumulation 
curves to assess the extent to which sampling is likely to 
have detected most or all species present. 

ASSESSING ENDEMICITY 

By definition, species (and other taxa) endemic to 
Christmas Island must occur there and nowhere else, 
other than the nuanced exceptions discussed above. 
Any species described from elsewhere (i.e. the type 
locality is not Christmas Island) is ineligible. Thus to 
compile a list of presumed or known endemic species, 
involves (mostly) the following steps: (1) documenting all 
species originally described from Christmas Island; (2a) 
determining if these species are valid (i.e. that they have 
not been lumped or dissolved into other species; and (2b) 
determining that they (and their synonyms) do not occur 
beyond Christmas Island. Of course, it is not necessarily 
so simple, because some species collected from Christmas 
Island may have been considered conspecific with species 
originally described from elsewhere, but subsequent 
taxonomic review has shown (or may in future show) 
that such assumed conspecificity is wrong. Furthermore, 
our process will detect only those species that have been 
collected on, and described from, Christmas Island. It is 
likely that there are many endemic species that have never 
been collected, and many that have been collected but not 
yet described. 

Step 1: For several taxonomic groups, there have been 
recent comprehensive accounts of species recorded 
from Christmas Island with these accounts explicitly 
noting the number and identity of endemic species: these 
inventories include birds (James and McAllan, 2014), ants 
(Framenau and Thomas 2008), vascular plants (Claussen 
2005), lichens (McCarthy 2018), molluscs (Tan and Low 
2014), crabs (Orchard 2012), fish (Hobbs et al. 2014b), 
scale insects (Neumann et al. 2013, 2016), centipedes 
(Waldock and Lewis 2014) and subterranean fauna 
(Humphreys 2014). Unless we found compelling evidence 
to the contrary, or there have been subsequent taxonomic 
assessments, we used such recent reviews as the basis for 
recognising endemic species in these groups. 

For other taxonomic groups, we used as the first step 
in the listing of endemic species a collation by James 
(2005) and James and Milly (2006) of species for which 
the type specimen was collected from Christmas Island 
and for which they found no subsequent records from 
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FIGURE 1 Location maps for Christmas Island. A) general location; B) map showing place names. 


elsewhere, though we recognise that these compilations 
contained errors and omissions. The 2005-06 collations 
indicated that 225 species were nominally endemic to 
Christmas Island. We searched available taxonomic 
literature for new records of Christmas Island species 
published since these 2005-06 compilations as well as 
for additional species that may have been overlooked in 
2005-06. We also extracted all records from the Atlas of 
Living Australia (ALA) spatial database (see below), to 
cross-check for additional species that may be endemic to 
Christmas Island that were not included in the 2005-06 
compilation. 


Steps 2a and 2b: Making use of substantial recent 
increases in access to biodiversity information on-line, 
we searched three ‘primary’ databases for information 
on all of these nominally endemic species, to assess 
whether they are still recognised as valid species with 
spatially-explicit records only from Christmas Island: the 
Global Biodiversity Information Facility (https://www. 
gbif.org/ ; hereafter cited as ‘GBIF’), the ALA (https:// 
www.ala.org.au/) and the Australian Fauna Directory 
(https://biodiversity.org.au/afd/home ; hereafter ‘AFD’). 
As scholarly as these databases may be, they do contain 
omissions and errors, and sometimes contradict one 
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another, so when they provided inadequate information 
we investigated as deeply as possible. We searched other 
relevant accessible taxonomic data bases (e.g. Mesibov 
2010; Bieler et al. 2018; McCarthy 2018; Orthoptera 
Species File, 2018; Sierwald and Spelda 2018; Van Soest 
et al. 2018), used online search-engines and investigated 
the primary literature. We cross-checked all relevant 
animal taxa against the 31 published volumes of the 
‘Zoological Catalogue of Australia’ (1983 to 2006: AGPS 
Canberra pre-1994, and ABRS and CSIRO Publishing 
Canberra from 1994), but they are cited specifically only 
when they provide additional information to their online 
successor, AFD. GIS-based assessments were impractical, 
as most of the records from early collections of Christmas 
Island biota (often the only records of these species) 
lacked precise locational information, so these records are 
typically not mapped in national or global databases. 

As a further line of inquiry, we also searched through 
references in Google Scholar using combinations of 
‘Christmas Island’ and family names. 

Based on results from such searches, we allocated 
species to three categories: (i) confirmed endemic (Table 
2), (ii) cited as endemic or probably so by collectors, but 
not yet described (Table 3), or (iii) previously claimed as 
endemic but now shown not to be (Table 4). Omission 
proved to be the most challenging issue. Under the 
taxonomic codes, newly described species are valid (if 
they meet naming rules) until a reviewer shows them 
to be the same as an earlier described species. Some 
species described from Christmas Island appear never 
to have been mentioned again, at least in the sources we 
found. Whilst such cases have never been invalidated by 
taxonomic revision, it is also difficult to state confidently 
that they are valid endemic species. Furthermore, 
taxonomy is appropriately not fixed, and future revisions 
will undoubtedly change taxonomic positions, as they 
have in the past. 

CONSERVATION STATUS OF ENDEMIC SPECIES 

We noted and tabulated the global (i.e. IUCN Red List) 
and Australian (i.e. under the Environment Protection and 
Biodiversity Conservation Act, 1999 ) conservation status 
for all endemic species, as at February 2019 (Table 1). 

As a potential indicator of current conservation status, 
we also attempted to identify the most recent record 
for every endemic species, and we list that date when 
it was more than 50 years ago. For this we have drawn 
on the published literature, the online databases and 
several invertebrate surveys that are informally published 
(Campbell 1968; CSIRO Division of Entomology 1990; 
Surman 2004; James 2005, 2007; Framenau and Waldock 
2006; James and Milly 2006; Kessner 2006; C. Pink, 
pers. comm.). This assessment also has some notable 
interpretational caveats, as the year of collection is often 
not given for records in the biodiversity databases we 
searched, and a lack of recent records for a taxon may 
simply be due to a lack of appropriate survey. Where 
possible, we also report on any other description of 
the abundance or distribution of endemic species on 
Christmas Island. 


RESULTS 

In the sections that follow, we document the inventory 
and taxonomic material relevant to endemic species, 
by major taxonomic groups. For some groups we could 
locate no relevant information. 

Kingdom EUBACTERIA 
Phylum FIRMICUTES 

CLASS BACILLI 

A major disease threat emerged recently to the captive 
breeding program for two endemic Christmas Island 
reptile species. This invariably fatal disease was found 
to be due to infection with a previously unknown 
Enterococcus species, although the report documenting 
its occurrence did not formally describe it (Rose et al. 
2017). This unusual bacterium was recorded not only 
from individuals in the captive breeding program for 
threatened endemic lizards, but also in individuals of 
Christmas Island populations of introduced lizards 
(Rose et al. 2017). Although the paper documenting 
its existence noted that there were no records of it 
from elsewhere, the current available information is 
insufficient to categorise it as native to Christmas Island, 
let alone endemic. 

Kingdom PROTISTA 

We acknowledge that the ‘Kingdom Protista’ is a 
diverse assemblage of eukaryotic organisms that are 
not plants, animals or fungi, but that are not all closely 
related (Keeling et al. 2009). However, it is beyond our 
scope to clarify such issues. 

Phylum APICOMPLEXA 

CLASS AC0N0IDASIDA 

A recent study has examined the blood parasites of 
some seabirds on Christmas Island and described a 
new species, Haemoproteus valkiunasi (Haemosporida: 
Haemoproteidae [although with family name given 
as Plasmodiidae in ALA]) from samples taken from 
Christmas Island frigatebirds Fregata andrewsi 
(Merino et al. 2012). All of the limited known records 
of this parasite species are from this endemic frigatebird 
species, so as currently known this parasite is also an 
endemic species. 

Kingdom PROTOZOA 

Phylum MYCETOZOA 

CLASS MYX0MYCETES 

These are fungus-like organisms known as plasmodial 
or acellular slime moulds. Ten species in four genera 
across four orders have been recorded from Christmas 
Island. According to GBIF all ten species have global 
distributions and so none are regarded as endemic. 
C.W. Andrews collected Arcyria obvelata (as A. flava ), 
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Lycogala epidendrum (as L. miniatum ) and Stemonitis 
splendens in 1897-98, and H.D. Yorkston collected the 
other species in 1986-87. 

CLASS PROTOSTELIOMYCETES 

These are fungus-like organisms known as slime 
moulds, and regarded as primitive within that group. 
They occur mostly on bark and rotting wood. Two 
species have been recorded from Christmas Island, 
neither of which is regarded as endemic. Ceratiomyxa 
fruticulosa is globally distributed (GBIF), but 
C. sphaerosperma has a markedly disjunct distribution, 
with all known records from Africa and the Americas, 
except for a single Asian occurrence on Christmas 
Island. Both species were collected by H.D. Yorkston in 
1986-87. 

Kingdom FUNGI 

The earliest collections of fungi on Christmas Island 
were made by J.J. Lister in 1887 (three species identified 
by M.C. Cooke in Hemsley 1890), followed by C.W. 
Andrews in 1897-98 (22 species identified by V. H. 
Blackman and A.L. Lister in Andrews 1900), and by 
H.N. Ridley in 1904 (50 species identified by M.G. 
Massee in Ridley 1906). The fate of these collections is 
largely unknown. Only five collections (three species) by 
Andrews and possibly one of Ridley’s collections (one 
species) are discoverable through the Kew Fungarium 
online catalogue. 

There followed a collecting hiatus until D.A. 
Powell, a naturalist working for the British Phosphate 
Commission, collected around a dozen species in 1968 
(Reid 1969), and Powell and his assistant K.C. H’ng 
continued to make collections in the 1980s and early 
1990s. Powell sent most of his material to Kew (K), but 
there are only 15 Powell/Powell and H’ng collections 
discoverable through the Kew Fungarium online 
catalogue, and several in Canberra (CANB) and Perth 
(PERTH). 

Shivas and Hilton (1990) compiled a checklist of the 
fungi of Christmas Island, based on a 1-week survey in 
1986, further collections by H.D. Yorkston in 1986-87, 
and collation of the limited previous collections. The 
compilation comprised c. 120 taxa, including 58 not 
previously recorded: 97 of the taxa were determined to 
species level (of which only three were described from 
Christmas Island), and 24 were determined only to 
genus level. 

Following these collections, H. Lepp of the Australian 
National Herbarium made extensive collections in 2000 
which were lodged mostly at CANB, followed by N.L. 
Bougher with the Western Australian Herbarium in 
2016, who lodged most of his specimens at PERTH. The 
tally of non-lichenised fungi known from the island now 
stands at 132 species. 

Three species from the early collecting period 
1888-1904 were described as new at the time. The 
first was the earthstar Geastrum andrewsii (Blackman 


1900). The only collection of this species was by 
Andrews in 1897-98, from which the holotype was 
designated. It has not been collected since, although 
a photograph by Peter Goh for the month of March in 
the 1991 Christmas Island Natural History Association 
calendar may be this species. It is still regarded as 
endemic to the island (Shivas and Hilton 1990), but is 
not listed in ALA and is listed as ‘doubtful’ in GBIF. 
Massee described two new species from Ridley’s 
1904 collections (Ridley 1906a). The type of Poria 
chlorina is lodged at the New York Botanical Garden 
Herbarium, but this taxon has since been synonymised 
with the much more widespread Ceriporia mellea 
(Berk, and Broome) Ryvarden 1978. Ridley (1906a) 
also listed ‘a small white agaric’ Favohis albidus 
Massee as a new species, but Shivas and Hilton (1990) 
noted that this species was actually described in 1902 
by Massee from specimens collected in Thailand, and 
the placement of an agaric in the genus Favolus is 
problematic anyway. 

Two species in the earthstar genus Radiigera were 
described by Reid (1986) from material collected on 
Christmas Island in 1983 and 1984, and thought then 
to be known only from there. However, Dominguez de 
Toledo and Castellano (1996) examined the holotype 
of Radiigera asperata D.A. Reid and determined 
it to be an immature, unopened Geastrum species. 
Given the only Geastrum species known from the 
island is the endemic G. andrewsii , in all likelihood 
it was that species in which case it has been collected 
several decades after Andrews’ original 1897-98 
collection. Radiigera asperata was never recorded as 
occurring elsewhere, and so the name can no longer be 
applied. Dominguez de Toledo and Castellano (1996) 
also regarded Radiigera termitariicola D.A. Reid as 
synonymous with Phialastrum barbatum (Dissing and 
Lange) Sunhede 1989, itself originally described as 
Geastrum barbatum Dissing and Lange (1962) from the 
Congo. Based on this synonymy, R. termitariicola can 
no longer be regarded as endemic to Christmas Island. 

In addition to Geastrum andrewsii , there appears to be 
only one other non-lichen fungus endemic to Christmas 
Island. Aecidium alchorneae-rugosae Gjaerum and D.A. 
Reid 1983 (Pucciniaceae) is common all over the island 
on its host Alchornea rugosa (Euphorbicaeae), especially 
in drier areas (PG pers. obs). Neither of the two 
described endemic fungi species is listed as threatened 
nationally or globally. 

LICHENS 

McCarthy (2018) collated checklists of lichens for all 
of Australia’s main oceanic islands. He listed 101 taxa 
(100 species) for Christmas Island, and stated that four 
of these species are endemic: Lithothelium quiescens, 
Strigula elixii, Strigula natalis and Trichothelium 
oceanicum. These names are recognised in GBIF and all 
(of the few) locational records in that database for these 
four species are from Christmas Island. Lithothelium 
quiescens is corticolous and Trichothelium oceanicum 
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is follicolous, and both are widespread and common 
(McCarthy 2001a,c). Strigula elixii and S. natalis are 
saxicolous and scarce, with the latter known from one 
site only. None of the four described endemic species is 
listed as threatened nationally or globally. 

The list of species from Christmas Island (McCarthy 
2018) is mostly based on results from a recent (2000) 
survey (McCarthy, 2001a,b,c; McCarthy and Elix, 2002). 
There are few historical records and hence no indication 
of changes in status. Although the 2000 sampling study 
was extensive, McCarthy and Elix (2002) considered 
that the known inventory of 100 species was a major 
under-estimate of the actual number of species present: 
the tally ‘does not include least 10 unidentified species 
each of Graphidaceae, Thelotremataceae, Pyrenulaceae 
and other saxicolous and corticolous pyrenolichens, 
as well as numerous sterile and apothecial crusts on 
limestone, bark, soil and leaves. The addition of 50 or 
more taxa that were not collected during our visit (a 
conservative estimate considering the forest canopy 
flora and much of the southern half of the island remain 
largely unexplored) would bring the total close to 250’ 
(McCarthy and Elix 2002). 

ALGAE 

Gepp and Gepp (1905) listed 21 species and one 
indeterminate species of marine algae from a collection 
made by H.N. Ridley in October 1904 from flying Fish 
Cove and Waterfall Cove. This included one new species 
of red algae, Halymenia polyclada, which remains a 
valid species, but has since been recorded from the 
Seychelles (GBIF; Table 4). Other than being mentioned 
again in Ridley (1906a), we have found no further 
records of this species from Christmas Island, but it is 
not listed as threatened nationally or globally. 

Kingdom PLANTAE 

Phylum BRYOPHYTA 

Gepp and Gepp (1905) listed 15 species of mosses 
(Class Bryopsida) from collections made by C.W. 
Andrews in 1897-98 and H.N. Ridley in October 1904. 
These are mostly widespread species in Southeast Asia. 
However, their account contained two new species 
described by Fleischer as Ectropothecium micronesiense 
and Isopterygium jelink. Both are recognised as valid 
species by ALA and GBIF, and neither database list 
records from elsewhere. Streimann and Curnow 
(1989) also treated both species as valid and endemic 
to Christmas Island (Table 2), even though Gepp and 
Gepp (1905) stated that Isopterygium jelinki occurs on 
Sumatra. Neither endemic species of moss has been 
reported since 1904, but neither is listed as threatened, 
nationally or globally. 

Gepp and Gepp (1905) also reported one widespread 
species of liverwort (Class Hepaticopsida) but we 
are not aware of any reports of hornworts (Class 
Anthocerotopsida) from Christmas Island, or of any 
collections since 1904. 


Vascular Plants 

The vascular flora of Christmas Island is well 
inventoried, with extensive early collections at about the 
time of the island’s settlement (Hemsley 1890; Ridley, 
1891, 1906a,b), and some notable more recent surveys and 
inventories, including studies to assess the conservation 
status of some species (Du Puy 1988, 1993; Holmes and 
Holmes 2002; Claussen 2005; Green et al. 2010). Claussen 
(2005) reported that there are 213 species of native plant 
on the island. 

Although the early collections led Ridley (1906a) 
to list 34 species of vascular plants as endemic to the 
island, about half are no longer considered so (Table 4). 
The 17 species still recognised as endemic are: Abutilon 
listeri, Arenga listeri, Asystasia alba, Brachypeza 
archytas, Colubrina pedunculata, Dicliptera maclearii, 
Flickingeria nativitatis, Grewia insidaris, Hoya aldrichii, 
Illigera elegans, Ischaemum nativitatis, Pandanus 
christmatensis, Pandanus elatus, Peperomia rossii, 
Phreatia listeri, Pittosporum nativitatis and Zeuxine 
exilis. With a few exceptions, all are species recognised 
by GBIF, and for most species all locational data in 
GBIF are from Christmas Island. The exceptions are that 
GBIF includes no locational data for Pandanus elatus ; 
it includes a record from Kiribati (Pacific Ocean) for 
Flickingeria nativitatis , which we discount as a case of 
mistaken island name; and there are early records for 
‘Indonesia’ (without explicit locational information) for 
Dicliptera maclearii , Arenga listeri and Hoya aldrichii , 
which we assume simply represent historically imprecise 
geographical descriptors. Pittosporum nativitatis is 
treated in GBIF as a synonym of P. ferrugineum subsp. 
ferrugineum , but is maintained as a valid species endemic 
to Christmas Island in ALA and CHAH Australian Plant 
Census, consistent with its reinstatement as a species in a 
recent review of the genus (Cayzer et al. 2000). 

Two species for which Christmas Island is the type 
locality and which have long been considered endemic 
(Claussen 2005) are no longer recognised as such. 
Asplenium listeri is now recognised to be much more 
widely distributed (Ohlsen et al. 2015) and Zehneria alba 
has been subsumed in the more widespread Z. mucronata 
(CHAH Australian Plant Census: http://www.chah.gov.au/ 
apc/about-APC.html, but is still recognised as specifically 
distinct in GBIF). Ardisia pulchra is recognised by GBIF 
as a valid species endemic to Christmas Island, but is 
subsumed within the more wide-ranging A. sanguinolenta 
in CHAH’s Australian Plant Census and ALA. Likewise, 
Saprosma nativitatis is recognised by GBIF as a valid 
species endemic to Christmas Island, but is subsumed 
within the more wide-ranging Amaracarpus pubescens in 
CHAH’s Australian Plant Census and ALA. 

There are records for all but two endemic plant 
species within the last 50 years, notably including the 
re-discovery of Zeuxine exilis in 2009 more than 100 
years after its only previous collection in 1904 (Green et 
al. 2010). However, Peperomia rossii is known only from 
the 1898 type collection. Only one endemic plant species 
is listed as threatened: Arenga listeri is listed globally as 
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Endangered. Three native plants occurring on Christmas 
Island (Asplenium listen, Pneumatopteris truncata and 
Tectaria devexa var. minor) are listed as threatened 
nationally, but all also occur elsewhere (Table 3). 

Kingdom ANIMALIA 

Eleven animal phyla reported from Christmas Island 
are considered below. Phylum Chaetognatha has been 
reported in the plankton by Davies and Beckley (2010), but 
no species have been identified. Nineteen more phyla 
have not been reported at all. The nomenclature and 
taxonomic sequence of animals follows AFD unless 
stated otherwise. 

Phylum PORIFERA 

The Porifera of Christmas Island is poorly studied 
and has not been reviewed for over 100 years. Dendy 
(1887) described one species (Table 4). Kirkpatrick 
(1900) listed 32 species from Andrews’ collection and 
described seven of them as new. He later described one 
more species, Murrayona phanolepis (Kirkpatrick 1910), 
which is now recognised as the sole representative of a 
monotypic genus and family (Murrayonidae), but it is 
not endemic to Christmas Island. Sponges collected by 
the Western Australian Museum in 1987 have not been 
identified (Marsh and Fromont 2000), and the Raffles 
Museum of Biodiversity Research expedition in 2010-12 
did not report on Porifera (Tan et al. 2014a). Hooper 
and Wiedenmayer (1994) updated the taxonomy and 
nomenclature, but provided no new records. Although 
sponges do not form a prominent feature of the island’s 
coral reefs (Marsh and Fromont 2000), it is probable that 
the species complement is more diverse than currently 
known, particularly considering that all of the reported 
collections come from a single locality, Flying Fish Cove. 
Of the nine species whose type locality is Christmas 
Island, Tethya affinis has been synonymised with Tethya 
deformis (Hooper and Wiedenmayer 1994) and six have 
been recorded beyond Christmas Island (AFA, AFD, 
GBIF: see Table 4). Haliclona irregularis (Kirkpatrick 
1900), described from Christmas Island, has three 
homonyms described from elsewhere, H irregularis 
(Kieschnick 1896), H irregularis (Czerniavsky 1880) and 
H. irregularis (Brondsted 1924) (Van Soest et al. 2018). 

Following Burton (1959), we recognise two endemic 
species of Porifera from Christmas Island, Oceanapia 
sessilis and Haliclona innominata, both of which are 
in the Class Demospongiae (Table 2). Although we are 
aware of no records for these endemic species since 1897— 
98, neither is listed as threatened, nationally or globally. 

Phylum CNIDARIA 

The surface of Christmas Island is dominated by 
limestone karst that was built in part by coral growth 
over millions of years, and living corals are obviously 
essential elements of existing coral reefs, but ironically, 
the Cnidaria of Christmas Island are largely neglected 
(Beeton et al. 2010). Hard corals have received some little 


attention recently (Done and Marsh 2000; Richards and 
Hobbs 2014) but other Cnidarians are barely documented. 
Richards and Hobbs (2014) listed 169 known species of 
Scleractinia coral and five species of non-scleractinian 
coral (three Hydrozoa and two Octocoralia). Their species 
accumulation curves were close to asymptotic, although 
the southern coast was not surveyed. Meanwhile, soft 
corals, which dominate the southern coast, have received 
no study. Hobbs et al. (2013) listed three widespread 
Actinaria anemone species, but they did not attempt to be 
comprehensive. Tan et al. (2014b) recorded an additional 
Actinaria from submarine caves that was identified to 
the genus Edwardsiella , for which no species are known 
in the tropics (GBIF). Nektonic forms have not been 
reported. Planktonic forms were reported by Davies and 
Beckley (2010) only as ‘Cnidaria’. There is no evidence 
that Christmas Island has any endemic species of 
Cnidaria (Richards and Hobbs 2014), with the possible 
exception of the Edwardsiella sp. Nevertheless, the 
composition of the coral community is biogeographically 
unique, but it is threatened by local pollution and invasive 
species (Richards and Hobbs 2014). 

Phylum PLATYHELMINTHES 

Platyhelminthes have been found on Christmas 
Island only recently, and little has been published on 
them. Humphreys and Eberhard (2001) recorded a 
single unidentified species of ‘free-living’ flatworm 
(Turbellaria) from Jane-up Well, which was thought 
to be styogobitic. James (2007) recorded two morpho- 
species of terrestrial ‘turbillarians’. One of these might 
be the widespread Caenoplana coerulea Moseley 1877 
(Tricladida, Geoplanidae), whilst the other might be a 
turbillarian or a misidentified nemertean (DJ pers. obs.). 
No parasitic Platyhelminthes have been recorded. 

Phylum NEMERTEA 

Nemerteans have not been described from Christmas 
Island, but specimens of at least one terrestrial 
species (Monostilifera) have been collected and 
await determination (PG pers. obs.). It may be close 
to Geonemertes pelaensis Semper 1863, which has a 
distribution encompassing islands in the western Indian 
Ocean, to the south-east of India and South-East Asia 
(Moore et al. 2001). It is also possible that the Christmas 
Island taxon is a new and endemic species. No marine 
nemerteans have been reported. 

Phylum BRACHIOPODA 

A single species of Brachiopod has been recorded 
from Christmas Island, and it was described as a new 
species, Thecidellina blochmanni by Dali (1920). Marsh 
and Fromont (2000) stated that it had not been recorded 
elsewhere, but GBIF lists a specimen from Guam and 
AFD includes Madagascar in the distribution. Therefore, 
it is not considered endemic to Christmas Island. It 
was collected at least as recently as 1987 (Marsh and 
Fromont 2000). 
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Phylum MOLLUSCA 

The molluscs of Christmas Island are diverse and have 
been well-studied compared to most invertebrate groups. 
There have been two significant modern studies, the first 
by the Western Australian Museum (Wells and Slack- 
Smith 2000) and the second by the Raffles Museum of 
Biodiversity Research (Tan and Low, 2014). There is 
also a popular book depicting a good selection of marine 
mollusc species (Wells et al. 1990), though it is now 
dated. 

A remarkable collection was made incidentally by Mr 
R. Kirkpatrick of the British Museum while dredging 
for the Pharetronid sponge Murrayona phanolepis , off 
North East Point, probably in January 1916. A sample 
of dredged sand rich in ‘small’ (length < 5 mm) snails 
passed to the Australian Museum from which Iredale 
(1917) described five new species in four new genera, 
and about 40 years later Laseron described 34 new 
species and eight new genera (Laseron 1956a,b, 1958). 
Most of these remain valid taxa, and while many of 
the species are now known to have wider distributions, 
some seem to be endemic. However, few of the species 
and none of the endemic ones have been recorded from 
Christmas Island again. 

Tan and Low (2014) reviewed all previous studies 
except for an unpublished report of a survey of 
terrestrial mollusc species (Kessner 2006). They listed 
the known Christmas Island fauna as 760 species from 
130 families and four classes (four species in three 
families of Polyplacophora; 104 species in 20 families 
of Bivalvia; 640 species in 101 families of Gastropoda, 
and 12 species in six families of Cephalapoda). Still, 
their species accumulation curve suggests that the total 
fauna is considerably larger. They listed the species 
they considered to be endemic to Christmas Island: 
one Bivalvia, 38 Gastropoda, no Polyplacophora and 
no Cephalapoda. However, there is low agreement 
on taxonomy and distribution among authorities (Tan 
and Low 2014; Bieler et al. 2018) and taxonomic 
databases (ALA; AFD; GBIF). Schwartziella lata is 
synonymised with Zebina triticea and Schwartziella 
oceanica is synonymised with Zebina ephamilla by 
AFD and ALA. Eleven Gastropoda species from Tan 
and Low’s list of endemics have locational records 
beyond Christmas Island in either ALA, AFD or GBIF 
and therefore are not considered endemic here (Table 4). 
The remaining one Bivalvia and 26 Gatropoda species 
(seven terrestrial and 19 marine) have type localities at 
Christmas Island and are not recorded from elsewhere, 
so are taken here to be endemic (Table 2), with the 
following considerations. Five species ( Semperula 
insularis, Succinea solitaria , Lamprocystis mabelae, 
Lamprocystis mildredae and Lamprocystis normani ) 
are not recognised in any of ALA, AFD or GBIF, but 
we surmise that they have been overlooked rather than 
synonymised and follow Gomes and Thome (2004) 
and Tan and Low (2014) in recognising them as valid. 
Tomlin (in Laidlaw 1935) considered there was no 
difference between L. mildredae and L. normani , but 


Kessner (2006) recently collected and distinguished 
both. In addition, we note an additional apparently 
endemic species described by Laseron (1956b) that 
was not included in Tan and Low (2014): Cyclonidea 
carina is recognised as a valid species in ALA and 
GBIF, although with no locational records. Also, four 
undescribed putative species have been reported that 
might be endemic Gastropoda species (Table 3). 

Eighteen of the 27 known endemic Mollusca species 
have not been certainly recorded for over 50 years 
(Table 2). This is concerning given that the group has 
been surveyed comparatively well. Nevertheless, none 
of the endemic Mollusca species are listed as threatened, 
nationally or globally. 

Phylum ANNELIDA 

There has been very little reporting of annelids 
from Christmas Island. Gates (1935) provided the only 
available list of Oligochaeta, which was 13 species. 
One of these, Polypheretima brevis (Rosa 1898) 
was originally described from the Island (Andrew’s 
collection) as Pheretima brevis, but it has since been 
recorded from Tonga (Easton 1984) (Table 4). 

Humphreys (2014) reported three species of 
Polychaeta from anchialine environments, a Syllidae sp. 
a Nerilla sp. (Nerillidae) and a Prionospio sp. The last is 
considered to be a new species, based on an unpublished 
molecular phylogeny by K. Worsaae (pers. comm) at 
the University of Copenhagen (Table 3). No members of 
the Class Hirudinida (leeches) have been recorded. No 
annelid species from the Island are listed as threatened, 
nationally or globally. 

Phylum ARTHROPODA 

The arthropods are the largest and most diverse 
phylum of the animal Kingdom. Representatives of all 
four subphyla have been recorded on Christmas Island. 

Phylum ARTHROPODA 

Subphylum Crustacea 

Two of the five crustacean classes (Branchiopoda and 
Remipia) have not been recorded at Christmas Island. 
The remaining three classes are treated below. 

CLASS 0STRAC0DA 

Ostracoda have recently been discovered on Christmas 
Island in anchialine systems and various freshwater 
environments including subterranean streams, springs 
and tufa flows, but not in the marine environment 
(Humphreys and Eberhard 2001; Humphreys 
2014). Their diversity is surprising, their endemism 
extraordinary and their biogeography astounding 
(Humphreys 2014). About six species in four families 
have been discerned, but while the exact number is 
clouded by taxonomic uncertainty, it is evident that 
greater diversity will emerge with further sampling and 
sorting. In just two decades three new species and two 
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new genera have been discovered and described (Table 2), 
namely: Humphrey sella baltanasi, Microceratina 
martensi and Isabenula Humphrey si (Namiotko et al. 
2004; Kornicker et al. 2006; Humphreys et al. 2009; 
Rossetti et al. 2011). In addition Vestalenula sp. E was 
recognised as new by Rossetti et al. (2011), but left in 
open nomenclature because only one individual was 
known, and Humphreys (2014) recognised a new species 
of Penthesilenula (Table 3). No ostracod species from 
the Island are listed as threatened, nationally or globally. 

CLASS MAXILL0P0DA 

Murray and Andrews made a small collection of 
marine plankton in 1908 that was rich in Copepoda, 
from which 12 new species and a new genus were 
described (Farran 1911, 1913). Not surprisingly, none 
are endemic (Table 4). Three of these have been 
synonymised into wider ranging species and nine are 
accepted species but have wider distributions (Table 4). 

A subterranean copepod considered to be a new 
species and genus in the family Arietellidae is very 
likely endemic (Bruce and Davie 2006; Humphreys 
2014). 

CLASS MALAC0STRACA 

Five orders of the large and diverse crustacean Class 
Malacostraca recorded at Christmas Island are treated 
below. Davies and Beckley (2010) collected planktonic 
forms of three other orders (Cumacea, Mysidacea, and 
Euphausiacea), but these were identified only to Order 
level. These and seven more orders never reported from 
Christmas Island are not considered further here. 

Order Stomatopoda 

Ahyong (2014) listed eight species of mantis 
shrimps known from Christmas Island. One of these, 
Chorisquilla quinquelobata , was described from 
Christmas Island as Gonodactylus quinquelobatus from 
specimens collected by Harms in 1933. Ahyong (2014) 
considered it to be endemic to Christmas Island, and 
this treatment is supported by AFD, ALA and GBIF. A 
single female Chorisquilla quinquelobata was collected 
by hand from Thundercliff Cave in 2008, which was the 
first record since 1933 (Ahyong 2014). However, it is not 
listed as threatened, nationally or globally 

Order Am phi pod a 

No endemic species are known, although the fauna 
is not thoroughly documented. Specimens of the genus 
Leucothoe (Leucothoidae) have been recorded in 
anchialine systems, and of the genus Floresorchestia 
(Talitridae) in damp caves and adjacent to anchialine 
pools (Humphreys 2014) 

Order Isopoda 

There is very little literature on isopods from 
Christmas Island. One species, Tylos nudulus , was 
described by Budde-Lund (1906) from Andrews’ 
1897-98 collections, although Andrews (1900c) made 


no reference to terrestrial (littoral) isopods. This 
species is still considered to be valid and endemic to 
Christmas Island (GBIF, AFD, Hurtado et al. 2014). We 
have found no records subsequent to the type series. 
However, James (2007) reported three morpho-species 
of isopods, one littoral and two terrestrial species. 
Humphreys (2014) listed 16 terrestrial oniscidean isopod 
species from six families that have been recorded in 
subterranean environments on the island, including 
seven putative undescribed species (four Myrmecodillo , 
two Papuaphiloscia and one Elumoides) (Table 3). No 
endemic isopod species is listed as threatened. 

Order Thermosbaenacea 

The Thermosbaenacea is a small order restricted 
to subterranean waters. It was previously known in 
Australia from a single species (AFD), Halosbaena 
tulki, which is from a cave in tropical Western 
Australia (Poore and Humphreys 1992). Specimens of a 
Halosbaena have recently been discovered in caves on 
Christmas Island that represent an undescribed species 
(Humphreys 2014) (Table 3). 

Order Decapoda 

The crab fauna of Christmas Island is widely and 
justifiably celebrated for its diversity, abundance and 
ecological importance. There have been notable recent 
reviews and popular accounts (Hicks et al. 1990; 
Orchard, 2012). Many species are considered endemic, 
with this number increasing because of surveys in 
specialised subterranean habitats (Naruse and Ng 2014; 
Tan et al. 2014b) and because recent taxonomic scrutiny 
has raised to specific status some Christmas Island 
populations formerly considered to be part of more 
wide-ranging species (Ng and Davie 2012). 

Pocock (1889) described the first crab species from 
Christmas Island, the red crab, as Hylaeocarcinus 
natalis (now Gecarcoidea natalis), which has 
subsequently been shown to be a pivot of the island’s 
ecology (Green et al. 1996). Andrews (1900a) reported 
on five species from his 1897-98 collection, all of 
which he attributed to species already described from 
elsewhere. However, the blue crab he recognised as 
Cardisoma carnifex has subsequently been recognised 
as specifically distinct {Discoplax celeste ) and endemic 
to the island (Ng and Davie 2012), with subsequent 
taxonomic change to Tuerkayana celeste (Guinot et 
al. 2018). Andrews’ subsequent collection in 1908, 
mostly of intertidal species, was reported on by Caiman 
(1909). This comprised about 67 species, of which four 
species were described as new: Lioxanthodes alcocki, 
Sesarma murrayi , Hyastenus andrewsi and H. uncifer , 
with Lioxanthodes described as a new genus. Two of 
these species have since been synonymised with species 
earlier described from elsewhere, and the other two 
subsequently also recorded from elsewhere (Table 4). 

Collections in 1932-33 by J.W. Harms, in 1932 by M. 
Tweedie and in 1938-40 by Carl Gibson-Hill resulted 
in further substantial advances in the inventory of 
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the Christmas Island crab fauna, with 13 new species 
described by Ward (1934), including the new genera 
Tweedieia and Proechinoecus, two new species 
described by Balss (1934), one by Gordon (1935), and 
one by Shen (1936). Of these newly-described species, 
only two, Karstarma jacksoni and Echinoecus sculptus , 
are still considered endemic to Christmas Island (Tables 
2 and 4). Oddly, both GBIF and ALA list a 1932 record 
of Echinoecus sculptus from Kiribati, Pacific Ocean, but 
this is likely to be a geographic error, as the collection 
date coincides with the time at which Tweedie collected 
the type material on Christmas Island. Tweedie (1947) 
provided a then-comprehensive inventory of the c. 50 
species of Brachyura recorded from Christmas Island, 
including some substantial taxonomic re-assessments of 
species previously named from there. 

Morgan (2000) listed a total of 204 species of 
decapods, many of which were not determined to 
species level. However, he did not attempt to identify 
endemic species. Since then there has been a series 
of surveys, particularly of the island’s subterranean 
environments, and further taxonomic reviews, that have 
added many more species, including the discovery or 
taxonomic recognition of five species of crabs (Davie 
and Ng 2012, 2013; Ng and Davie 2012; Naruse and Ng 
2014), a stygobitic prawn, Macrobrachium xmas (Fujita 
et al. 2015), and an anchialine cave shrimp, Procaris 
noelensis (Bruce and Davie 2006), all considered 
endemic to Christmas Island (Table 2). One of the 
newly discovered crabs, Christmaplax mirabilis , also 
represents an endemic genus (Naruse and Ng 2014). 

In addition, since the inventory published by Morgan 
(2000), there have been several recent reviews of 
components of the Christmas Island decapod fauna. 
Mendoza et al. (2014) compiled records of 83 species 
of Xanthidae from Christmas Island, of which 30 were 
additions to the known local fauna, but none were 
considered endemic. Ng and Naruse (2014) compiled 
records of seven species of reef lobster (Palinuridae, 
Scyllaridae and Enoplometopidae), of which one was 
locally new but none were endemic. Osawa (2014) listed 
nine species of Porcelanidae, including five (or four) 
new records but no endemics. Tan et al. (2014b) reported 
on the Decapod (and other) fauna of submarine and 
associated anchialine caves of Christmas Island, noting 
particularly that there were at least three undescribed 
and presumed endemic species, including a new genus 
of Paguridae (Table 3). This brings the total species list 
of decapods to c. 249. 

We conclude that ten described Decapod species 
are endemic to Christmas Island (Table 2). Most of 
these represent recent discoveries or the consequences 
of recent taxonomic revision. Echinoecus sculptus 
(Pilumnidae) is recognised as valid and known only 
from the type locality by Davie (2002); it is symbiotic 
with the intertidal echinoid Colobocentrotus atratus. All 
of the endemic species have been recorded recently, but 
some are known from very few specimens and a small 
number of locations on the island: for example, Procaris 
noelensis is known from only a single specimen. 


The endemicity of Christmas Island’s iconic red 
crab Gecarcoidea natalis is not clearly resolved: we 
treat it as endemic species, consistent with most recent 
assessments (e.g. Orchard 2012; Morris et al. 2018). 
However, it also occurs on the Cocos (Keeling) islands 
(Tweedie 1950), where it is patchily abundant on Pulu 
Keeling (North Keeling Island) (JW pers. obs.) and 
scarce in the northern parts of the southern atoll (DJ 
pers. obs.; IAW McAllan pers. comm). It has been 
known from the Cocos (Keeling) islands group for more 
than a century (Wood Jones 1909). This occurrence 
beyond Christmas Island may be a result of deliberate 
or accidental introduction, or sporadic colonisation. 
Tweedie (1950) asserted that ‘there is no doubt that 
they have been introduced (to Cocos (Keeling) 
islands) with soil imported from there (Christmas 
Island)’. Alternatively, Orchard (2012) noted that 
Tow numbers ... occur on North Keeling Island’ and 
considered that they derived from ‘larvae that drifted 
from Christmas Island. North Keeling red crabs have 
never been observed to breed’. GBIF also includes two 
1970s records of this species from islands off western 
Thailand, but these records are unlikely to represent a 
breeding population. Populations of Gecarcoidea natalis 
on Christmas Island have been conspicuously and 
severely depleted by supercolonies of yellow crazy ants 
since the first supercolony was reported in 1989 (Green 
and O’Dowd 2009). 

The Christmas Island crab fauna is unusually famous, 
charismatic and ecologically significant, and has 
attracted international scientific interest. Other decapods 
are significant examples of ancient lineages that, along 
with other crustaceans, are shedding new light on 
evolution and biogeography in the marine environments 
of the early Mesozoic. However, no species is listed as 
threatened, globally or nationally. 

Phylum ARTHROPODA 

Subphylum Chelicerata 

The chelicerate Class Arachnida is treated below; the 
Class Picnogonida has not been recorded. 

CLASS ARACHNIDA 

The arachnid fauna is poorly known, despite 
collections in 1887, 1897-98, 1939, 1964, 1989 and 2005 
(Pocock 1889, 1900; Savory 1943, 1947; Campbell 1968; 
CSIRO Division of Entomology 1990; Framenau and 
Waldock 2006). Seven subterranean fauna collections 
were made between 1987 and 2013, but the fauna is still 
considered poorly known (Humphreys 2014). A recent 
review of spiders is unfortunately incomplete and not 
formally published (Framenau and Waldock 2006), 
and the taxonomy of the Araneae is poorly resolved in 
the wider region. Framenau and Waldock (2006) listed 
37 Araneae species, but also 40-50 additional taxa 
not identified beyond genus. Humphreys (2014) listed 
eight troglomorpic spiders, of which three species are 
additional to the above. Also recorded are two species of 
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Scorpiones, at least eight species of Pseudoscorpiones, 
one species of Amblypygida and one species of 
Schizomida (Savory 1943, 1947; CSIRO Division of 
Entomology 1990; Humphreys 2014). The Acari have 
been little studied and never reviewed. Neumann (1904) 
described a single species of tick, Ixodes nitens, from 
a specimen of the endemic Rattus macleari. Campbell 
(1968) noted the presence of dog ticks Rhipicephalus 
sanguineus on domestic dogs and/or cats. More 
recently, Humphreys and Eberhard (2001) reported two 
indeterminate Acarina from subterranean environments. 
An arthropod voucher collection made from 2004-06 
contained 11 morpho-species of mites and two of ticks 
(James 2007). Thus there are 54 identified species of 
Arachnida from the island and possibly 50-60 further 
species that have been collected but not identified fully. 

Nine arachnid species have been described from 
Christmas Island: one Amblypygida, one Acari, one 
Scorpiones, two Pseudoscorpiones and four Araneae 
(Tables 2 and 4). Of these, one species is not endemic. 
Metawithius murrayi , described by Pocock (1900), has 
subsequently been recorded widely in Indonesia and 
the Andaman and Nicobar Islands (Harvey 2015). In 
their original description of the whip scorpion Charon 
gervais, Harvey and West (1998) speculated that it may 
have been introduced to Christmas Island from Java, but 
we found no records beyond Christmas Island. GBIF 
lists a record of Ariadna natalis from Natal, South 
Africa, but this is almost certainly an error resulting 
from the specific epithet. ALA and GBIF list records 
of Idioctis xmas from Queensland, Australia, but this 
is also almost certainly an error resulting from the 
location where the specimens are housed. Accordingly, 
we recognise Charon gervaisi and these last two 
Areneae species, along with Filistata gibsonhilli and 
Heteropoda listen , the tick Ixodes nitens (recognised 
also as a valid endemic species in a recent global review: 
Guglielmone et al. (2010)), the scorpion Hormurus 
polisorum , and the pseudoscorpion Paratemnoides 
pococki as endemic species, being valid species never 
recorded beyond Christmas Island (Table 2). In addition, 
three undescribed taxa have been reported that might 
be endemic Arachnida species (Table 3). Given the 
poor taxonomic resolution of the group, there might be 
more undiscovered endemic species. For example, an 
eyeless troglomorphic spider, tentatively identified as 
Olin platnicki Deeleman-Reinhold 2001, differs from 
the type population (in Sulawesi) that has ‘reduced eyes’ 
(Humphreys 2014). An Acarina parasitic on O. platnicki 
might also be endemic (Humphreys 2014). 

Ixodes nitens is known only from a few individuals 
collected from the last specimens of Rattus macleari , 
before it became extinct between 1901 and 1904 
(Durham 1908; Green, 2014), so the tick presumably 
became extinct at the same time (Mihalca et al. 
2011; Colwell et al. 2012). Ariadna natalis has not 
been recorded since the type collection in 1897-98. 
Filistata gibsonhilli has not been recorded since the 


type collection in 1939, but a filistatid spider (not 
determined to species level) reported by (CSIRO 
Division of Entomology 1990) may represent this 
species. Heteropoda listen was collected in 1897-98 and 
1939 but not since. Idioctis xmas is rarely encountered 
and might be known only from the type collection taken 
in 1983. Hormurus polisorum is rare but was collected 
as recently as 2006 (ALA). No species of Arachnida 
from Christmas Island is listed as threatened, nationally 
or globally. 

Subphylum Myriapoda 

Two classes of myriapods (Chilopoda and Diplopoda) 
have been recorded from Christmas Island and two have 
not (Pauropoda and Symphyla). 

CLASS CHILOPODA 

The centipede fauna of Christmas Island was reviewed 
by Waldock and Lewis (2014). The collections have been 
limited, and several key specimens are incomplete and 
hence difficult to determine. Waldock and Lewis (2014) 
listed ten species from historical sources and recent 
records, but four of these were identified only to genus. 
Cryptops inermipes , described from Christmas Island 
by Pocock (1889), is still recognised as a valid species 
(Lewis 2011). It is known definitively only from the type 
specimen, but two other incomplete specimens from 
Christmas Island, one collected in 1887 and identified as 
C. hortensis (Pocock 1889) and the other in 2006, may 
be referrable to it (Waldock and Lewis 2014). 

CLASS DIPLOPODA 

The Christmas Island millipede fauna was reviewed 
by Jeekel (2006) and Mesibov (2010). From specimens 
collected by Lister in 1887, Pocock (1889) described 
two species, Cylindrodesmus hirsutus and Spirostreptus 
exocoeti, the former constituting a new genus, albeit 
with other congeneric species subsequently reported 
from elsewhere (Pocock 1900). Both of these species, 
and another (the non-endemic Orthomorpha coarctata ), 
were also reported by Pocock (1900) from Andrews’ 
1897-98 collections. Cylindrodesmus hirsutus has since 
been found to have a wide distribution beyond Christmas 
Island (Jeekel 2006). 

A collection in 1933 by J.W. Harms was documented 
by Jeekel (2006), who noted the previously reported three 
species and added a further five species ( Leptogoniulus 
sorornus, Solaenaulus butteli, Prosopodesmus jacobsoni, 
Monographis sp. and an undetermined Siphonotidae 
species). Of these, at least the first three are widely 
distributed beyond Christmas Island and may have 
been introduced there. Another wide-ranging species, 
Trigoniulus corallianus, was earlier recorded from the 
island by Jeekel (2001). Jeekel (2006) also transferred 
S. exocoeti to Hypocambala, a treatment followed by AFD. 

There has been little subsequent collection. For 
example CSIRO Division of Entomology (1990) did not 
document any diplopod records in their invertebrate 
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survey of the island, but that survey resulted in the 
lodgement of four specimens of Asiomorpha coarctata 
(=Orthomorpha coarctata ) in the ANIC. However, 
collections in 1998 resulted in the description of two 
additional cave-dwelling species: Lophoturus speophilus 
and L. humphreysi (Nguyen Duy-Jacquemin 2014). 

The online database Millibase (Sierwald and Spelda 
2018) recognises S. exocoeti (as Iulomorpha exocoeti , 
with synonym Hypocambala exocoeti ), Lophoturus 
speophilus and L. humphreysi as valid species endemic 
to Christmas Island. Mesibov (2010) characterised 
Hypocambala exocoeti as a ‘tramp’ species, and 
Mesibov (2018) noted it as introduced to Australia; 
likewise, the AFD includes the enigmatic comment 
‘introduced from ?’. Given that it was collected 
on Christmas Island prior to the island’s human 
colonisation, and that it has not been found elsewhere, 
we consider instead that it is native and endemic to 
Christmas Island. 

Whereas Lophoturus speophilus and L. humphreysi 
were collected in 1998 (from < 10 specimens and the 
holotype only, respectively), we are aware of no records 
of Hypocambala exocoeti since Harms’ collections 
of 1933 (Jeekel 2006). Notwithstanding the lack of 
documented records for Hypocambala exocoeti for 
more than 80 years, and the few specimens and highly 
localised distribution of the two endemic Lophoturus 
species, none of the three endemic species is listed as 
threatened, nationally or globally. 

Subphylum Hexapoda 

All three classes of hexapods (Collembola, Entognatha 
and Insecta) are recorded from Christmas Island. 

CLASS COLLEMBOLA 

There are no endemic species known. About 850 
specimens belonging to 15 morpho-species of springtails 
were identified from the CSIRO collection in 1989 
(CSIRO Division of Entomology, 1990). Although only 
one was determined to species level, it was considered 
that no genera and probably no species are endemic to 
Christmas Island. 

CLASSENTOGNATHA 

Of the two orders within Entognatha (Diplura and 
the Protura), only the former has been recorded from 
Christmas Island, with a single species collected 
from subterranean habitats in 1989 (Humphreys and 
Eberhard 2001). It was considered to be a new species 
of Cocytocampa (Family Campodeidae) and likely to be 
endemic (Table 3). 

CLASS INSECTA 

Within the Class Insecta 21 Orders reported from 
Christmas Island are treated below. There are no 
reports from Christmas Island of four orders, namely 
Archaeognatha (bristletails), Plecoptera (stoneflies), 
Megaloptera (alderflies), or Mecoptera (scorpion-flies). 


Order Zygentoma 

The silverfish (formerly Order Thysanura) are poorly 
represented on Christmas Island. CSIRO Division 
of Entomology (1990) collected two (specimens? of) 
Lepismatidae under bark near North West Point that 
were not determined to species. James (2007) reported 
a single representative of Lepismatidae, not determined 
to species. Humphreys and Eberhard (2001) collected 
a troglobitic species of Metrinura (Nicoletiidae) 
considered likely to be a new (and endemic) species 
(Table 3); this collection represented a range extension 
of the genus from New Caledonia and eastern Australia. 

Order Odonata 

There are no endemic species. One widespread, 
migratory species of Odonata, Pantala flavescens is 
common on Christmas Island (Kirby 1900e; CSIRO 
Division of Entomology 1990). Two other widespread 
species were reported by Kirby (1900e), but not since. 

Order Phasmida 

Only one stick insect species has been recorded 
on Christmas Island. Kirby (1889) described the 
phasmid species, Clitumnus stilpnoides , from three 
specimens in Lister’s 1887 collections, with a further 
four specimens collected by Andrews in 1899-1900 
(Kirby 1900f). This species, now Ramulus stilpnoides , 
is recognised as a distinct species in AFD, ALA and 
GBIF and the few distributional records in those sources 
are from Christmas Island only: it is widely accepted 
as a Christmas Island endemic (CSIRO Division of 
Entomology 1990; Rudolf and Brock 2017). 

No other identified species of phasmids have been 
reported from Christmas Island. However from 
Andrews’ 1898-99 collection, Kirby (1900f) noted 
that in addition to R. stilpnoides , ‘there are two other 
Phasmidae in Mr. Andrews’ collection, apparently 
belonging to the allied genus Entoria ..., but hardly in 
sufficiently good condition to describe, though probably 
new.’ We can find no further account of this putative 
species and assume that the specimens may have 
represented poorly preserved examples of R. stilpnoides. 

Rudolf and Brock (2017) considered that R. stilpnoides 
‘has very rarely been reported, except for old records 
pre-1900, and the only current record of the species 
is a photo of a live female, which was received in 
September 2015’. Consequently, it was recognised in 
2017 as Vulnerable by the IUCN (Rudolf and Brock, 
2017), the only Christmas Island invertebrate species 
recognised nationally or globally as threatened (Table 
1). Its presumed ongoing decline was inferred to be due 
to predation by black rats and yellow crazy ants (Rudolf 
and Brock 2017). However, there are many additional 
records of this species. ‘About 30 specimens’ were 
collected in the CSIRO survey of 1989 (CSIRO Division 
of Entomology 1990). In 2004, it was considered to be 
widespread but uncommon in forest habitat (Surman 
2004), and four voucher specimens were collected 
(James 2005). 


ENDEMIC SPECIES OF CHRISTMAS ISLAND 


69 


Order Trichoptera 

The only account of Trichoptera from Christmas 
Island is from a recent freshwater invertebrate survey by 
Weeks & McColl (2011), who reported two undetermined 
species of caddisflies (Trichoptera; Leptoceridae and 
Hydroptilidae). They did not assess endemicity. 

Order Mantodea 

A single mantid species has been recorded from 
Christmas Island. From material collected by Andrews 
in 1897-98, Kirby (1900f) described Hierodula dispar 
as ‘a very distinct species’. However, it was subsequently 
synonymised with the more widely distributed H. 
patellifera , so it is not endemic to Christmas Island 
(AFD; ALA; GBIF). About 50 specimens were collected 
in 1989 (CSIRO Division of Entomology 1990). 

Order Ephemeroptera 

The only account of Ephemeroptera from Christmas 
Island is from a recent freshwater invertebrate survey 
by Weeks and McColl (2011), who reported at least 
one undetermined species of mayfly (Ephemeroptera; 
Caenidae, Tasmanocoenis sp.). They did not assess 
endemicity, but noted that this species was abundant. 

Order Blattodea 

Few species of this order have been collected from 
Christmas Island. The cockroach fauna was reviewed by 
Roth (2000), who reported 11 species, of which ten were 
widespread (described from elsewhere) and one was a 
cave-dwelling species in a monotypic genus known only 
from Christmas Island, Metanocticola Christmasensis 
(Roth 1999). Subsequently Humphreys and Eberhard 
(2001) reported that ‘a second troglobitic cockroach of 
the family Blattellidae also represents an undescribed 
genus L. Roth, pers. comm. 1998’. However this taxon 
apparently has not yet been described. 

Of the ten non-endemic cockroach species reported 
from Christmas Island, it is challenging to determine 
which are native and which are introduced. Two were 
collected on the island in 1887 before any substantial 
settlement (Kirby 1889) and another four by Andrews in 
1897-98, so these may all be native (Kirby 1900f). 

The termite (Isoptera) fauna of Christmas Island is 
poorly documented. Andrews’ collection of 1897-98 
included one taxon not determined to species level 
(Kirby 1900f). From his 1932 collections, Tweedie 
(1933) added another species, again not determined to 
species level. Gibson-Hill (1947d) noted three species 
were present in 1939-40, of which two were identified 
to genus only and the third not to that level. The CSIRO 
survey of 1989 collected six termite species identified to 
genus only (CSIRO Division of Entomology 1990). 

Order Embioptera 

There are no endemic species recognised. CSIRO 
Division of Entomology (1990) collected a single 
specimen of an adult web-spinner from the Family 
Oligotomidae. James (2007) recorded two morpho- 
species identified only to the level of order. 


Order Orthoptera 

The Orthoptera fauna is small but poorly surveyed 
with no recent reviews. CSIRO listed 12 taxa but 
identified only seven to species level (CSIRO Division 
of Entomology 1990), and James (2007) listed 18 
morpho-species but identified only six to species level. 
Seven species have been described from the island, all 
by Kirby (Kirby 1889, 1900f). Of these, Epacromia 
rufostriata has been synonymised with the more 
widespread Aiolopus thalassinus (Orthoptera Species 
File 2018); and Cyrtacanthacris disparilis has been 
synonymised at species level but remains an endemic 
subspecies, namely Valanga nigricornis disparilis 
(GBIF; Table 4), although it is still recognised as a valid 
species in ALA. The other five species, Ectadoderus 
flavipalpis (now Ornebius flavipalpis), Gryllacris 
rufovaria, Phisis listen (now Paraphisis listen ), Psyra 
pomona (now Psyrana pomona) and Primnia orientals 
(now Nisiocatantops orientalis) are still recognised in 
at least one of GBIF, ALA or AFD or the Orthoptera 
Species File (2018) and have not been recorded from 
elsewhere, so are accepted here as endemic species 
(Table 2). In addition, two undescribed putative 
species have been reported that might be endemic 
Orthoptera species (CSIRO Division of Entomology 
1990; Humphreys and Eberhard 2001) (Table 3). Dirsh 
and Uvarov (1953) created the new monotypic genus 
Nisiocatantops for Primnia orientalis , and therefore an 
endemic genus as well. 

Ornebius flavipalpis has not been recorded since 
Andrews collected the types in 1897. Nisiocatantops 
orientalis was last recorded in 1964 (Campbell 1968), 
and the other three endemics have been recorded 
recently (James 2007). None are listed as threatened, 
nationally or globally. 

Order Dermaptera 

Lister’s 1887 collection included one species, 
described by Kirby (1889) as Labidura nigricornis , 
but this species was later subsumed in the more wide- 
ranging Chelisoches morio. From material collected 
by Andrews in 1897-98, Kirby (1900f) identified 
eight species, including his previously described L. 
nigricornis, two species described from elsewhere, 
one taxon identified to genus only and four new 
species: Labia murrayi, L. incerta, L. indistincta 
and L. subarmata (now Anisolabis subarmata ). 
Two of these, L. incerta and L. intermedius , were 
subsequently synonymised with a third, Labia murrayi , 
now Paralabella murrayi (Steinmann 1989). The 
1989 CSIRO survey collected about 130 specimens, 
comprising six species: of these the wide-ranging 
Euborellia stali was recorded previously by Kirby 
(1900f), one other was identified as a wide-ranging 
species, three to genus only and one only to family level. 
Neither of the previously described endemic species was 
recorded. Collections in 2004 reported three morpho- 
species (James 2005, 2007). 
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Paralabella murrayi and Anisolabis subarmata are 
still recognised as valid species with type localities of 
Christmas Island and no occurrences elsewhere. Neither 
species has been recorded since 1897-98, but neither is 
listed as threatened, nationally nor globally. 

Order Zoraptera 

This small order (c. 30 species globally) was not 
known from Australia until CSIRO Division of 
Entomology (1990) collected two specimens from 
leaf litter on Christmas Island that were subsequently 
described as Zorotypus lawrencei (New 1995). Although 
it is closely related to several species in Indonesia, it 
is currently recognised as a valid species (AFD, ALA, 
GBIF) endemic to Christmas Island (AFD). It has not 
been recorded since 1989, but is not listed as threatened. 

Order Psocodea 

AFD treats the Phthiraptera (‘true’ lice) and the 
Psocoptera (barklice and booklice) as higher taxa 
in the Order Psocodea. There are few reports of the 
Phthiraptera from Christmas Island. Most bird species 
carry avian lice of two sub-orders, Amblycera and 
Ischnocera (Murray et al. 1990). Kirby (1900d) listed 
a single specimen collected by C.W. Andrews that was 
large and thought to be from a seabird, but which was 
not identified beyond ‘Mallophaga’ (now the Sub-orders 
Amblycera and Ischnocera). Durham (1908) observed 
that two Christmas Island flying-foxes Pteropus 
(melanotus) natalis were infested with a Touse-like 
parasite’. The endemic birds of Christmas Island may 
carry endemic lice, but checklists of lice on Australian 
birds (e.g. Murray et al. 1990) have provided no specific 
details for Christmas Island birds. 

Surprisingly, there were no documented collections 
of Psocoptera until Hill and Robertson made small 
collections in 1983 and the 1989 CSIRO survey collected 
177 specimens (CSIRO Division of Entomology, 1990). 
From these collections Smithers (1995) identified 33 
species, from which he described ten new species and 
two new genera. Although there has been no relevant 
taxonomic review since, all these species and genera 
are recognised as valid in AFD, ALA and GBIF, with 
no records of any beyond Christmas Island. Therefore 
we treat them as ten endemic species and two endemic 
genera (Table 2). James (2007) reported 36 morpho- 
species of Psocoptera collected from 2004 to 2006. 
They were not examined by a specialist, but it suggests 
a possibility that the fauna may be larger than currently 
documented. No species are listed as threatened. 

Order Thysanoptera 

There has been little collecting and documentation for 
this group and no endemic species are recognised. The 
1989 CSIRO survey collected 25-30 species of thrips 
in 21 genera, but none were identified to species level 
(CSIRO Division of Entomology 1990). James (2007) 
recorded eight morpho-species identified only to the 
level of order. 


Order Hemiptera 

There has been no comprehensive review of the 
Hemipteran fauna of Christmas Island. However, 
Neumann et al. (2016) and Neumann et al. (2018) listed 
endemic species in some Hemipteran families, as part 
of a risk assessment for the introduction of parasitoid 
wasps as a biological control agent for infestations of the 
introduced yellow crazy ant Anoplolepis gracilipes. 

The first collection was of five species by Lister 
in 1887, all of which were described by Kirby (1889) 
as new: Lygaeus subrufescens , Oxypleura calypso , 
Ricania flavicostalis , R. affinis and R. hyalina. Of 
these, Neumann et al. (2018) and CSIRO Division of 
Entomology (1990) recognised O. calypso , Ricania 
flavicostalis (now Varcia flavicostalis) and R. hyalina 
(now Salona oceanica) as valid endemic species. 
Ricania affinis (now V. affinis) is still recognised 
as a valid species (GBIF, ALA): although CSIRO 
Division of Entomology (1990) commented that it is 
‘shared with Australia’, there are no locational records 
beyond Christmas Island in GBIF or ALA. Lygaeus 
subrufescens (now Leptocoris subrufescens) is no longer 
considered endemic, with Gollner-Scheiding (1980) 
recognising L. s. flava from the Caroline Islands in the 
Pacific. 

Andrews’ 1897-98 collections increased the number 
of known species to 17, with 10 new species described 
and only two species in the collection having previously 
been recorded from elsewhere (Kirby 1900a,b). Of the 
ten species described from this collection, nine are 
still recognised as valid endemic species: Pentatoma 
grossepunctatum (now Plautia grossepunctata) 
(endemicity noted by Cassis and Gross (2002)), 
Brachyrhynchus lignicolus (now Neuroctenus lignicolus) 
(endemicity noted by Cassis and Gross (2002)), Ricania 
flavifrontalis (endemicity noted in ALA), Paurostauria 
delicata (endemicity noted in ALA, and a monotypic 
genus), Nogodina subviridis (now Sassula subviridis) 
(endemicity noted in ALA), Bidis aristella (now 
Ugyops aristella) (endemicity noted by AFD and 
Fennah (1964)), Clovia eximia (endemicity noted in 
ALA and Neumann et al. (2018)), Issus andrewsi (now 
Distiana andrewsi) (accepted as an endemic species 
in review by Fennah (1954)) and Idiocerus punctatus 
(now Batracomorphus punctatus) (endemicity noted in 
AFD). Andrews’ collections were further considered 
by Distant (1901), who described five more species, of 
which two are still recognised as valid and endemic 
species: Nysius spectabilis (with endemicity noted 
in Malipatil (2010) and Cassis and Gross (2002)) and 
Lethaeus maculatus (now Elasmolomus maculatus) 
(with endemicity noted by AFD and Cassis and Gross 
(2002)). Of the three other species described by Distant 
(1901) from this collection, Geocoris vestitus was 
accepted as a valid endemic species by Cassis and 
Gross (2002) but was synonymised with the more 
widespread G. jucundus by Kondorosy (2016); Pamera 
insignis (now Paraeucosmetus insignis) was considered 
as a valid endemic species by Cassis and Gross (2002) 
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but Chandra and Kushwaha (2014) considered that it 
occurred more widely (to India); and Pamera andrewsi 
was subsequently synonymised with the wide-ranging 
Remaudiereana nigriceps (ALA). 

The next collection was made by F. Harms in 1933, 
with this documented by Izzard (1933), who also 
reviewed the previous published studies of the island’s 
Hemipteran fauna. Izzard (1933) described a further 
ten species, and Harms’ collection brought the tally 
of Hemipterans recorded from Christmas Island to 56 
species, of which 28 were then considered endemic. Of 
the species described by Izzard (1933), seven are still 
recognised as valid endemic species: Lygis aldrichi 
(now Tayloriligus aldrichi ) (ALA, GBIF), Lygis murrayi 
(now Tayloriligus murrayi ) (ALA, GBIF), Cylapofulvius 
listeri (now Peritropis listeri ) (ALA, GBIF, and 
recognised as a valid endemic species by Cassis and 
Gross (1995)), Laccocoris montandoni (ALA, GBIF), 
Andrewsiella oceanica (ALA, GBIF, constituting a 
monotypic genus), Delphacodes muirianus (ALA, 
GBIF) and Erythroneura harmsi (ALA, GBIF). Nearly 
40 years after being collected by Harms, Hishimonus 
festivus was described from that material by Knight 
(1970), but there have been subsequent records from 
west Java (Fletcher and Dai 2013). 

In 1964, a CSIRO survey of invertebrates of potential 
health and agricultural concern resulted in collection 
of several previously-unrecorded, but widespread, 
Hemipteran species presumed to have been introduced 
to Christmas Island (Campbell 1968). The more 
comprehensive CSIRO survey of 1989 collected about 
5600 Hemipteran specimens categorised into about 
140 morpho-species, with most not named (CSIRO 
Division of Entomology 1990). However, about 20 wide- 
ranging and probably introduced species were recorded 
for the first time, and the collection documented the 
continued presence of nine previously-described species 
recognised as endemic to Christmas Island. In a targeted 
and comprehensive survey of scale insects (Coccoidea) 
on the island, Neumann et al. (2016) recorded 28 species, 
none of which were endemic, and most of which were 
probably recent introductions. 

Two further species have been described from 
Christmas Island: Matigocoris insularis by Kormilev 
(1983), which was still accepted as a valid endemic 
species by Cassis and Gross (2002); and Oliarus 
trispiralis by Locker et al. (2006). 

Twenty-four Hemipteran species are recognised as 
endemic to Christmas Island (Table 2), of which three 
have not been recorded since 1897-98, four not since 
1933 and four not since 1964. No species are listed as 
threatened on global or national lists. 

Order Neuroptera 

The Order Neuroptera (including lacewings and ant- 
lions) is poorly studied on Christmas Island, with six 
species identified to date (New 1991). C.W. Andrews 
collected two species that were described as new by 
Kirby (1900e). Formicaleo morpheus has since been 


dissolved under Distoleon somnolentus (New 1991) 
(Table 4), whereas Myrmeleon iridescens is still 
recognised as a valid species (New 1991), endemic to 
Christmas Island (AFD). The CSIRO 1989 collection 
contained six taxa, five wide-ranging species and one 
probably undescribed species {Malada sp. nov.; Table 
3), but not Myrmeleon iridescens (CSIRO Division of 
Entomology 1990; New 1991). James (2007) recorded 13 
morpho-species of winged adults (not identified beyond 
order), mostly collected in light-traps. 

Myrmeleon iridescens was described from a single 
specimen collected in 1897-98, and has not been 
recorded again, but it is not listed as threatened. 

Order Coleoptera 

Many beetles have been described from Christmas 
Island, and most are still recognised as endemic, but 
there has been no detailed review. As with many other 
taxonomic groups, the most important collections were 
by Maclear in 1887 (Waterhouse 1887), Lister in 1887 
(Gahan 1889), Andrews in 1898-99 (Waterhouse et al. 
1900), Tweedie in 1932 (Tweedie 1933) and CSIRO in 
1989 (CSIRO Division of Entomology 1990), with very 
limited other occasional collecting. 

From ‘several specimens’ of beetles collected by 
Maclear, Waterhouse (1887) described two species, 
Chrysodema simplex and Piezonotus discoidalis 
(subsequently transferred to the endemic genus 
Rhyncholobus ), both of which are still recognised as 
valid species. Rhyncholobus discoidalis has no records 
other than from Christmas Island (ALA, GBIF). 
However, C. simplex was subsequently reported from 
Cocos (Keeling) islands by Gibson-Hill (1950), but 
it is likely that this represented an importation from 
Christmas Island, with ‘teak’ Berry a trees. 

Lister’s collection comprised about 70 specimens 
representing about 20 species, with 10 not identified 
to species and four described as new by Gahan (1889): 
Paraegus listeri (now Aegus listeri ), Ceresium nigrum , 
Monohammus nativitatis (now Acalolepta nativitatis ) 
and Praonetha perplexa (now Pterolophia perplexa). 
All are still recognised as valid species, and only one of 
these has since been recorded beyond Christmas Island 
(AFD, ALA, GBIF): the exception is A. nativitatis, 
which was also reported from Cocos (Keeling) islands 
by Gibson-Hill (1950), probably with importation from 
Christmas Island of soil and timber, as for C. simplex. 
Slipinski and Escalona (2016) also recognised Ceresium 
nigrum as a valid endemic species. 

Andrews’ 1897-98 collection was appreciably larger, 
comprising 93 species, of which 12 were determined 
only to genus, six were the species previously described 
from Christmas Island, 25 were attributed to species 
described from elsewhere and an impressive 50 were 
newly described (Waterhouse et al. 1900). Of those 50 
species, at least 35 are still recognised as valid species 
in both ALA and GBIF (unless stated otherwise below) 
and have never been recorded other than for Christmas 
Island: Apatenia apicalis, Litocerus jordani (recognised 
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in GBIF), Xenocerus nativitatis (GBIF), Paranobium 
posticum (now Clada posticum ) (ALA), Neoptinus 
parvus (with endemicity noted by Belles and Lawrence 
(1990)), Bothrideres strigatus (now Ascetoderes 
strigatus) (ALA), Orychodes andrewsi, Chrysobothris 
andrewsi (GBIF), Ceresium quadrimaculatus (with 
endemicity noted by Slipinski and Escalona (2016)), 
Examnes affinis (now Ceresium affnis , with endemicity 
noted by Slipinski and Escalona (2016)), Aegocidnus 
exiguus (now Sciades exigua), Prinobius coxalis 
(now Anomophysis coxalis), Olenecamptus basalis, 
Rhyparida modesta, Rhyparida rossi, Cossonus 
variipennis, Pachyops incertus, Phloeophagosoma 
dubium (now Rhyncholosoma dubium), Camptorhinus 
crinipes, Acicnemis andrewsi, Rhyncholobus 
andrewsi, Rhyncholobus rossi, Rhyncholobus vittatus, 
Dryophthorus assimilis, Tetrigus murrayi, Anchastus 
discoidalis, Megapenthese andrewsi, Hololepta 
malleata, Platysoma lignarium (now Platylister 
lignarium), Figulus rossi (with endemicity noted by 
Monte et al. (2016)), with a possible record from Cocos 
(Keeling) islands (Gibson-Hill 1950; Cassis et al. 1992) 
likely to be a result of introductions from Christmas 
Island), Laius tibialis (with endemicity noted by Liu et 
al. (2015)), Shoguna striata (ALA), Protaetia andrewsi 
(noted as ‘known only from type locality’ in AFD), 
Phileurus convexus (now Eophileurus convexus) and 
Oniscomorpha marmorata (now Leperina marmorata, 
per ALA and noted as a valid species endemic to 
Christmas Island by Kolibac (2013)). Although there are 
putative unpublished records for Apomecyna nigritarsis 
from Java (http://www.cerambycoidea.com/forum/topic. 
asp?TOPIC_ID=14880), ALA and GBIF recognise the 
species as valid and include no records from beyond 
Christmas Island. 

We could find no documentation in GBIF or ALA 
for several other species described from Christmas 
Island by Waterhouse et al. (1900), but consider them 
as valid and endemic (Table 2). Epliachna nativitatis 
(now Henosepilachna nativitatis ) is recognised as a valid 
species restricted to Christmas Island by Jadwiszczak 
and Wegrzynowicz (2003); Paederus listen is retained 
as a valid species by Frank (1988); Bradymerus 
seminitidus is retained as a valid species endemic to 
Christmas Island by Schawaller (2006); Amarygmus 
funebris is retained as a valid species endemic to 
Christmas Island by Bremer (2007); Opatrum dubium 
(now Gonocephalum dubium) is retained as a valid 
species endemic to Christmas Island by Iwan et al. 
(2010). Demotina lateralis, Toxicum antilope, Sessinia 
andrewsi and Nyctobates carbonaria (as Promethis 
carbonaria) were recognised as valid species and 
collected by CSIRO Division of Entomology (1990), 
although a global review of Toxicum did not list antilope 
(Doyen et al. 1989). CSIRO Division of Entomology 
(1990) also recognised as valid species, but did not 
collect, Psylliodes tenuepunctata and Sessinia listen. 

We consider the remaining species described by 
Waterhouse et al. (1900) as no longer valid or not 
endemic to Christmas Island. Rhabdocnemis fausti is 


subsumed in the more wide-ranging R. obscurus in 
ALA; Stelidota orientalis is subsumed in the more wide- 
ranging Omosita nigrovaria (GBIF, ALA); and Shoguna 
polita is lumped in the more wide-ranging Shoguna 
termitiformis (ALA, GBIF). 

After Andrews’ 1897-98 collections, the next 
published report on beetles was a brief account of a 
small collection made by Tweedie in 1932 (Tweedie 
1933). This comprised 28 species, of which 18 had 
been described previously from Christmas Island, 
seven had been described from elsewhere, two were not 
determined to species, and one, Phelipara subvittata 
(Cerambycidae), was newly described. It is still 
recognised as a valid species with no known records 
beyond Christmas Island. 

The entomological survey by CSIRO in 1989 dwarfed 
all previous survey efforts for beetles, collecting ‘about 
10,000’ specimens representing 350 species’ (CSIRO 
Division of Entomology 1990). This sampling included 
representation of 77 of the c. 90 species recorded in the 
1897-98 sampling (Waterhouse et al. 1900), and with 
other previously-unpublished minor samples brought 
the known tally of beetles on the island to 390 species. 
CSIRO Division of Entomology (1990) also reported 
that 14 species collected in the 1897-98 sampling 
(Waterhouse et al. 1900) were not collected in 1989 
and that ‘most of these are moderate-sized insects ... 
that would not be overlooked in general collecting and 
may no longer occur on the island: however, given the 
small amount of time devoted to surveying the fauna, 
sampling error is more likely ’. About 37 of the species 
collected in 1989 had been described earlier from 
Christmas Island, and about 59 had been described from 
elsewhere. Most (253) of the beetle species collected 
during the 1989 survey were diagnosed only to genus, 
and to our knowledge most of these collections have not 
subsequently been described or identified to species. 
However, there are some exceptions, with material 
collected in the CSIRO survey of Christmas Island 
used as the basis for the description of the endemic 
Psammorpha lawrencei by Stebnicka (1994) (a blind 
and flightless species, constituting a monotypic genus, 
considered endemic to the island: Stebnicka and 
Howden (1996)), Paratrichapus christmasensis (Souza- 
Gongalves et al. 2019) and Cephennomicrus lawrencei 
(Jaloszynski 2017). 

The only subsequent notable collection from 
Christmas Island is of a single ‘remarkable’ beetle 
collected from a cave in 2006, and described as 
Lymnastis brooksi (Carabiidae) by Baehr (2008). 

Table 2 lists 58 beetle species that we consider are 
valid species reported only from Christmas Island. 
Given that the CSIRO collection of 1989 also reported 
253 undetermined species, it is highly likely that the 
actual number of endemics is appreciably higher than 
the 58 listed in Table 2. Rhyncholobus is an endemic 
genus of large and brightly coloured weevils containing 
four species, and it represents the most likely example of 
autochthonous radiation to have occurred on Christmas 
Island. Ten of the endemic species have not been 
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reported since 1897-98 (Table 5). Notwithstanding these 
long periods without records, none of the endemic beetle 
species is listed as threatened. 

Order Strepsiptera 

There are no endemic species recognised, and only a 
single individual has been collected, in 1989. This was 
a single specimen of stylops parasitising a delphacid 
hemipteran, deduced to be in either Halictophagidae or 
Elenchidae (CSIRO Division of Entomology 1990). 

Order Diptera 

The Diptera fauna of Christmas Island has been far 
from comprehensively documented. Andrews collected 
between 30 and 40 species in 1898-99, but noted that 
these ‘unfortunately have not yet been determined’. 
We can find no record of any subsequent substantial 
collecting until 90 years later, when CSIRO collected 
about 5000 specimens, ‘but only a few complete 
identifications could be made’ (CSIRO Division of 
Entomology 1990). These were sorted to about 185 
morpho-species, but only 22 of these were determined 
to species level and 63 to genus. The fauna now includes 
many introduced human-commensal pests such as house 
flies, fruit flies and mosquitoes (Campbell 1968; CSIRO 
Division of Entomology 1990). 

Nine species of Diptera have been described from 
Christmas Island between 1889 and 1994 and eight of 
these are considered endemic species (Table 2). Laphria 
nigrocaerulea (Kirby, 1889) is a junior homonym of 
Laphria nigrocaerulea (van der Wulp 1872) from New 
Guinea, so was renamed Orthogonis christmasensis 
by Daniels (2012); it is considered valid and endemic 
(ALA, AFD, GBIF) and is still abundant (DJ pers. obs.). 
The marine tipulid flies Cymatopus calcaratus and 
Cymatopus longipilus were described by Parent (1935) 
from a collection by Harms in 1933: the most recent 
review of the genus considered both to be still valid 
and endemic to Christmas Island (Evenhuis 2005). The 
flower fly Syritta maritima was described by Hull (1944), 
also from Harms’ 1933 collection, and the most recent 
review of the genus concluded that it is still regarded as 
a valid species endemic to Christmas Island (Lyneborg 
and Barkemeyer 2005). Thompson (2014) reviewed the 
family Syrphidae on Christmas Island, and concluded 
that Syritta maritima was the only endemic species 
among seven reported species, but considered it may be 
extinct, with no records since the original collection in 
1933. The ‘remarkable’ Poecilosomella pectiniterga was 
described by Deeming (1964) with its holotype from 
Andrews’ 1897 collection and other material from Biak 
Island, with subsequent records from other locations. 
However, the most recent review split the species and, as 
redefined, considered that Poecilosomella pectiniterga 
is restricted to Christmas Island (Hayashi 1997). 
Micrepimera punctipennis described from a specimen 
collected on Christmas Island in 1983 by Matile (1990) is 
still recognised as a valid species with no records beyond 
Christmas Island (GBIF). When described it comprised 
a monotypic genus, but other species in the genus have 
been described subsequently (Sevcik and Papp 2011). 


Stilbomyia juncunda (now Hemipyrellia jucunda ) 
(Kirby 1889) is recognised as a valid species in GBIF 
(but not ALA or AFD) with no records from elsewhere. 
It was last collected by CSIRO in 1964 (Campbell 
1968), and was explicitly noted as not collected 
(notwithstanding a large collection of dipterans) by 
CSIRO in 1989 (CSIRO Division of Entomology 1990). 
Lissocephala powelli described from Christmas Island 
by Carson and Wheeler (1973) is recognised as a valid 
species in GBIF (but not ALA or AFD) with no records 
from elsewhere. There are many recent records of 
Lissocephala powelli on its host crabs (Orchard 2012). 
Amblypsilopus natalis , described by Bickel (1994) from 
material collected by CSIRO in 1989, is recognised as 
a valid species endemic to Christmas Island in ALA, 
AFD and GBIF. The mosquito Aedes andrewsi (Edwards 
1927) has been recorded from Indonesia and Australia 
(GBIF), and is not recognised by ALA or AFD, so is not 
accepted here (Table 4). 

None of the endemic dipteran species is listed as 
threatened, nationally or globally. 

Order Siphonaptera 

The last specimens of the endemic Maclear’s rat Rattus 
macleari were collected by Durham in 1902 (Durham 
1908; Pickering and Norris 1996; Green 2014). Fleas 
collected from these specimens were described as a new 
species, Xenopsylla nesiotes (Jordan and Rothschild 
1908). The species is accepted by AFD, ALA and GBIF 
with no records beyond Christmas Island. Maclear’s rat 
was the only known host for the flea, so the flea almost 
certainly became extinct, unceremoniously, when the rat 
did (Kwak 2018), between 1902 and 1907, shortly before 
it was described by science. Maclear’s rat is listed as 
extinct nationally and globally, but its host-specific flea is 
not formally listed as extinct nationally or globally. 

Order Lepidoptera 

The first collection of Christmas Island butterflies, 
by Maclear in 1887, was largely destroyed in transit, 
but two specimens were intact and both were named 
as new species by Butler (1887): Vadebra macleari and 
Terias amplexa. In 1887, Lister collected five species 
including the two previously described Christmas 
Island species, a new species ( Hypolimnas listen ) and 
two previously described from elsewhere (Butler 1889). 
Andrews collected another four species in 1897-98, 
with one of these described as a new species by Butler 
(1900): Char axes andrewsi. No butterflies have been 
described from the island subsequently, although other 
more wide-ranging species (including some visitors) 
have been added to the species complement (Gibson- 
Hill 1947e; Moulds and Lachlan 1987; Johnson and 
Wilson 2018), which now numbers 29 species (Johnson 
and Wilson 2018). 

Of the four butterfly species for which Christmas 
Island is the type locality, only one, Charaxes andrewsi , 
is still regarded as a valid species endemic to Christmas 
Island (e.g. ALA) (Table 2), although it has at times been 
considered a subspecies of Eriboea pyrrhus (Pendlebury 
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1933; Gibson-Hill 1947e). The three other butterfly taxa 
have had a buffeted taxonomic history. Terias amplexa 
was relegated to a subspecies of Eurema hecabe by 
Corbet and Pendlebury (1932), with this treatment 
followed by Pendlebury (1933) and Gibson-Hill (1947e), 
but treated as a distinct species by Moulds and Lachlan 
(1987), then reduced to a subspecies of Eurema alitha 
by Yata (1995), a treatment followed by ALA. Vadebra 
macleari is still accepted by GBIF but synonymised with 
the more wide-ranging Euploea climena in ALA; and 
Hypolimnas listen is synonymised with the more wide- 
ranging H. bolina (e.g. in GBIF) (Table 4). 

In contrast to the relatively small and reasonably well 
resolved butterfly fauna, the moth fauna of Christmas 
Island is large and very inadequately catalogued, and 
there has been no recent comprehensive review. Lister’s 
collection in 1887 included five species (Butler, 1889), 
of which two were described as new ( Eudragana 
limbata - with a new genus established for it, although 
this was soon subsumed in Bocula (Hampson 1900) 

- and Pyralis listen ), and one taxon {Hydrillodes sp. 
nov.) considered ‘probably a new species’ but with 
insufficient material to describe it (Butler 1889). 
Andrews’ collection of 1897-98 was much more 
extensive, comprising 74 species comprehensively 
documented by Hampson (1900) and Walsingham 
(1900). In characterising this material, Hampson (1900) 
noted that ‘the distribution of Christmas Island moths 
seems to show very clearly that it has no connection 
with the Malayan sub-region’. The collection included 
all five species previously recorded by Butler (1889) 
and 54 species previously described from elsewhere. 
It also included 15 new species: Mimeusemia econia , 
Hydrillodes vexillefera (with the description noting 
also records from beyond Christmas Island), Erastria 
griseomixta, Porthesia pulverea , Boarmia scotezonea , 
Ephestia scotella , Zinckenia nigerrimalis, Glyphodes 
(Phacellura) holophaealis (all described by Hampson 
(1900)) and Cosmoclostis quadriquadra , Brenthia 
elachista , Simaethis ornaticornis, Tortricomorpha 
chlorolepis, Epagoge halysideta, Caenognosis incisa (in 
a newly established genus), and Dendroneura punctata 
(all described by Walsingham (1900)). Two of Andrews’ 
specimens were attributed by Walsingham (1900) to 
the African species Phycodes adjectella, but these have 
subsequently been described by Rallies (2013) as the 
Christmas Island endemic Nigilgia browni, with further 
specimens collected recently (C. Pink pers. comm). 

A further eight originally unsorted specimens from 
Andrews’ collection were described, with Christmas 
Island as the type locality, over the next two decades in 
more miscellaneous taxonomic reviews: Thalassodes 
subviridis by Warren (1905), Maliattha phaeozona 
and Amyna crocosticta by Hampson (1910), Armactica 
andrewsi and Earias latimargo by Hampson (1912), 
Comostolopsis regina by Thierry-Mieg (1915), Scopula 
tumiditibia by Prout (1920), and Anomis esocampta by 
Hampson (1926). A further description of a Christmas 
Island endemic moth from Andrews’ original collection 

- of Acontia sollemnis - was made more than 100 years 


after the initial collection, by Hacker and Holloway (in 
Hacker et al. 2008). 

The next substantial collection was of 42 specimens 
from nine species of geometrid moths collected by 
Tweedie in August-September 1932 and documented by 
Prout (1933), who described five new species: Hemithea 
(Chlorissa) hyperymna (‘a charming little species’), 
Anisodes hypomion, Ecliptopera phaula, Sauris pelagitis 
[previously collected and identified by Hampson as the 
more wide-ranging S. hirudinata] and Syrrhodia vindex 
[previously collected and identified by Hampson as the 
more wide-ranging Hyperythra lutea]. Prout also felt 
‘reluctantly compelled to leave ... unnamed a distinct 
Scopula species that Hampson had earlier listed as an 
undetermined Craspedia species’. 

A more substantial collection (of about 1740 moth 
specimens) was gathered by Gibson-Hill in 1939-40 that 
nominally included representation of 174 species, but the 
description of this collection reported only on 74 of these 
species, noting that ‘it is regrettable that the study of the 
collection cannot be completed now, but the limitations 
imposed as a result of the war render this impossible’ 
(Pendlebury 1947): probably as a consequence of that 
interruption, and his death in 1943, no new species were 
described from this collection. 

CSIRO’s collection of Lepidoptera in 1990 included 
about 900 specimens representing about 185 species 
(of which about 16 were butterflies), with species 
attributions not made for most moths (CSIRO Division 
of Entomology, 1990). This collection included nine 
species previously described as endemic {Zinckenia 
nigerrimalis (as Spoladea nigerrimalis ), Glyphodes 
(Phacellura) holophaealis (as Diaphania holophaealis ), 
Thalassodes subviridis, Comostolopsis regina, Anisodes 
hypomion, Maliattha phaeozona, Amyna crocosticta, 
Earias latimargo and Armactica andrewsi. However, 
most of the collection was sorted to family or genus level 
only. CSIRO Division of Entomology (1990) also noted 
that 22% of the 185 species were represented in their 
collection by only single individuals, and interpreted this 
to mean that much of the fauna remained uncollected, 
most likely including more species of endemics. From 
2004 to 2006, James (2007) collected 141 morpho- 
species of moths, but only five of these were identified to 
named species. 

Of the 32 moth species described from Christmas 
Island, the status (whether or not still considered a 
valid species, and whether or not reported subsequently 
away from Christmas Island) of many is unclear. 
Here, we consider 24 as endemic (Table 2). Nineteen 
of these are regarded as valid species in GBIF with no 
records beyond Christmas Island: Ephestia scotella, 
Ruttelerona scotozonea (= Boarmia scotezonea ), 
Hymenia nigerrimalis (= Zinckenia nigerrimalis ), 
Cosmoclostis quadriquadra, Brenthia elachista, Moca 
chlorolepis (= Tortricomorpha chlorolepis ), Opogona 
punctata (= Dendroneura punctata ), Thalassodes 
subviridis (= Pelagodes subviridis ), Armactica andrewsi, 
Bocula limbata, Earias latimargo, Comostolopsis 
regina, Scopula tumiditibia (with endemicity noted 
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by Sihvonen (2005), Loboschiza halysideta, Nigilgia 
browni, Hemithea hyperymna, Anisodes hypomion, 
Ecliptopera phaula and Sauris pelagitis. One is listed 
as a valid (though ‘doubtful’) species in GBIF, with no 
records beyond Christmas Island: Lithacodia griseomixta 
(= Erastria griseomixta ). Three are not listed in GBIF 
but recognised elsewhere as valid and without records 
beyond Christmas Island: Diaphania holophaealis 
(http://globiz.pyraloidea.org), Choreutis ornaticornis 
(= Simaethis ornaticornis ) (http://choreutidae.myspecies. 
info/taxonomy/term/66) and Amyna crocosticta (http:// 
www.nic.funet.fi/pub/sci/bio/life/insecta/lepidoptera/ 
ditrysia/noctuoidea/noctuidae/acontiinae/amyna/index. 
html). The recently described Acontia sollemnis has not 
been reported from elsewhere (Hacker et al. 2008). 

Five of the 25 accepted endemic lepidopteran species 
have not been reported since 1897-98 and a further 
six not since 1939 (Table 2). Notwithstanding these 
long periods without records, none of the endemic 
lepidopteran species is listed as threatened, either 
nationally or globally. 

Order Hymenoptera 

A comprehensive recent review, based on intensive 
and extensive field surveys and a re-appraisal of 
historic records listed 52 species of ants from the 
island (Framenau and Thomas 2008). None of these is 
considered endemic. Most of the ant species reported 
from the island are introduced (Framenau and Thomas 
2008). Christmas Island is the type locality for three ant 
species - Camponotus melichlorus, Leptogyne harmsi 
and Pachycondyla christmasi (Kirby 1889; Donisthorpe 
1935), but all three species are now known to also occur 
naturally in other areas (Framenau and Thomas 2008). 
The number of native species is indeterminate, but only 
two (presumed native, but not endemic) ant species were 
recorded immediately before and after the island’s first 
settlement (Kirby 1889; Andrews 1900c). 

There has never been a comprehensive treatment of 
the bees and wasps of Christmas Island. Collecting 
commenced pre-settlement with J.J. Lister in 1887 with 
two species ( Euodynerus polyphemus and Polistes 
(Gyrostoma) balder) from this collection described 
by Kirby (1889). Five further species ( Homalictus 
andrewsi, Patellapis (Pachyhalictus) binghami, 
Ophion flavocephalus (now Enicospilus flavocephalus). 
Megachile nivescens , Megachile rotundipennis) were 
described from Andrews’ 1897-98 collections (Kirby 
1900c), and another ( Lithurgus andrewsi ) from the same 
collection was described by Cockerell (1909). Other than 
Enicospilus flavocephalus , all of these species are still 
regarded as valid and endemic to Christmas Island (e.g. 
Walker 1997). 

Carl Gibson-Hill collected further specimens in 
1939-40, but most were not subsequently worked over; 
however two species were described from this material 
about 50 years later. Boucek (1988) described Sirovena 
stigma , originally considered to comprise a monotypic 
genus until Li et al. (2013) added another species, from 
China. Zettel (1990) described Phanerotoma pacifica 


from Gibson-Hill’s collection, although its specific name 
indicates confusion with the other Christmas Island in 
the Pacific. 

Campbell (1968) recorded 11 non-ant hymenoptera 
in a survey focussed on insects of medical, veterinary, 
agricultural and forestry significance, but notably did 
not list the honey bee Apis mellifera , dating its likely 
introduction to the island to sometime during the next 20 
years to 1989, when ANIC-CSIRO collected about 2700 
specimens representing 299 species (CSIRO Division of 
Entomology 1990). Eight taxa were named to species, 
105 to genus, and 190 as unnamed genera (CSIRO 
Division of Entomology 1990). These collections have 
scarcely been worked upon, having yielded just five 
additional species records for the island, and five species 
new to science, including three endemics: Dendrosotinus 
insularis (Belokobylskij et al. 2004), Neoheterospilus 
insularis (known from a single specimen: Belokobylskij 
(2006)) and Oxyscelio caesitas (Burks et al. 2013). 

James (2007) reported 68 morpho-species of wasps 
collected by Parks Australia in 2004 to 2006, but 
identified only Polistes balder to species level. More 
recently, a large collection of parasitoid wasps was made 
by the CESAR Consulting Group (Weeks 2013) as part 
of their assessment of the potential non-target impacts of 
fipronil insecticide that has been used to control yellow 
crazy ants across the island. Using yellow sticky traps 
in 2012, they collected 3,390 specimens of parasitoids 
in 19 families. None were identified to genus or species. 
Three parasitoid species were identified from the island 
as part of the research program supporting the indirect 
biological control of the yellow crazy ant (Green et al. 
2014), but these are not regarded as native to the island. 

The total list of species of non-ant hymenoptera 
stands at 34, 12 of which we regard as endemics (Table 
2). However it is clear that given the great diversity of 
non-ant Hymenoptera on Christmas Island especially 
amongst the wasps, and the relative paucity of named 
species in the ANIC-CSIRO, Parks Australia and 
CESAR collections, there are likely to be more endemics 
on the island. 

Our list of endemics includes two large predatory wasp 
species (Vespidae) that also occur in the Cocos (Keeling) 
Islands, 900 km further west. Polistes balder Kirby was 
listed by Richards (1978) as occurring there, and he refers 
to a specimen in the BMNH but does not give details. We 
cannot find this record, so do not know the collection 
date. These wasps are large and aggressive and build 
conspicuous paper nests, but the species was not recorded 
from the islands by Darwin (1845), Wood Jones (1909) or 
Gibson-Hill (1950). Gibson-Hill especially was unlikely 
to have overlooked this species during his extensive 
sampling, so we conclude this species must have been 
introduced there from Christmas Island more recently. 
Gibson-Hill (1950) gives a good account of how insects 
might have been transported from Christmas Island to 
the Cocos (Keeling) Islands, in this case perhaps as a 
nest attached to some structure and transported on a ship. 
Eudynerus polyphemus Kirby was mentioned by CSIRO 
Division of Entomology (1990) as being known from 
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Home Island in the Cocos (Keeling) islands group, but 
gave no further detail. Similar to P. balder , this is a large 
and conspicuous species that often builds its mud nests on 
buildings, but was not recorded by earlier naturalists. The 
same reasoning holds - we conclude it was introduced to 
the Cocos (Keeling) Islands from Christmas Island. 

Of the 12 recognised endemic species, eight have 
been collected relatively recently as part of the 1989 
ANIC/CSIRO collections, with Lithurgus andrewsi 
being a possible but unconfirmed ninth species (CSIRO 
Division of Entomology 1990). Both species of Megachile 
were collected by Campbell in 1968, but only single 
specimens were collected in 1989 and 2004 and these 
were not determined to species level. Finally, the endemic 
halictid Patellapis (Pachyhalictus) binghami has not 
been collected since Campbell in 1968. Walker (1997) 
noted that Josephine Cardale, the CSIRO hymenoptera 
specialist on the 1989 expedition, was not able to collect 
this halictid despite considerable dedicated effort, and he 
speculated that it might be extinct. 

Phylum ECHINODERMATA 

Marsh (2000) reviewed the Echinodermata (including 
four collections by the Western Australian Museum) 
and provided a list of 67 species across the five Classes. 
She considered that this list was probably not complete 
but contained the majority of species present. Tan et 
al. (2014b) added a further six species from a limited 
survey of submarine caves. The echinoderm fauna is 
relatively depauperate, probably owing to a combination 
of the island’s small size, relative isolation and limited 
diversity of marine habitats (Marsh 2000). No species 
are considered endemic to Christmas Island. One species 
of crinoid, Comissia pectinifer (now Alloeocomatella 
pectinifera ), was described from the island by Clark 
(1911), but it has since been found to be more widespread 
(GBIF; Table 4). 

Phylum HEMICHORDATA 

Tan et al. (2014b) recorded one species from submarine 
caves, but identified it only to the Class Enteropneusta. 

Phylum CHORDATA 

The classes of the Subphylum Vertebrata are treated 
separately below. The only other chordates reported are 
salps and doliolids (Tunicata: Thaliacea), which are a 
common element of the inshore plankton (Davies and 
Beckley 2010). 

CLASS PISCES 

The fish fauna in waters of and around Christmas 
Island has now been well sampled. Early collections 
were limited: for example, Andrews (1900c) collected 
only 21 species. The inventory increased substantially 
with targeted sampling from the 1960s. By 2007, 592 
species were recorded (Allen et al. 2007), with a recent 
comprehensive review extending this to 681 species 
(Hobbs et al. 2014b). Only five of these species occur 
in the island’s freshwater systems, three of which 


are introduced and two of which are native but occur 
widely beyond the island (Hobbs et al. 2014b). Allen 
et al. (2007) considered four marine fish species to be 
endemic to Christmas Island: Pseudochromis viridis , 
Praealticus natalis, Eviota natalis and Aseraggodes 
crypticus. The text of Hobbs et al. (2014b) corroborates 
that these are the four endemic fish species, but their 
accompanying checklist (Hobbs et al. 2014b, Table 1) 
also reports two additional recently-described species 
as endemic, and known only from their holotypes: 
Microbrotula andersoni, collected in 1978 (Schwarzhans 
and Nielsen 2011) and Paradiancistrus christmasensis, 
collected in 1986 (Schwarzhans and Moller 2011). 
Another species, Steeneichthys nativitatis , described 
in 1987 from Christmas Island, is now known to be 
more widespread (Allen et al. 2007). GBIF and ALA 
recognise as valid species all of the six endemics 
reported by Hobbs et al. (2014b), but both databases also 
have records of Praealticus natalis from well beyond 
Christmas Island, extending at least to Guam: so we do 
not consider it as a Christmas Island endemic here. 

All of the five endemic fish species have been recorded 
recently, and none is listed globally or nationally as 
threatened. 

CLASS AMPHIBIA 

There are no native or established amphibians on 
Christmas Island. Two species have been intercepted 
in cargo shipments on rare occasions (Parks Australia, 
unpublished data): Duttaphrynus melanostictus 
(Bufonidae) and Litoria adelaidensis (Hylidae) (DJ, pers. 
obs). 

CLASS REPTILIA 

The Christmas Island native terrestrial reptile fauna 
comprises five lizard species and one blind-snake. The 
taxonomic treatment of some of the lizard species has 
been unstable (Boulenger 1887, 1889; Smith 1929), but 
authorities consistently now recognise Cyrtodactylus 
sadleiri, Lepidodactylus listeri, Cryptoblepharus 
egeriae and Emoia nativitatis as endemic (Cogger and 
Sadlier 1981; Cogger 2014), as well as the blind-snake 
Ramphotyphlops exocoeti. All are species recognised by 
GBIF, and all locational data in GBIF for these species 
are from Christmas Island. The only other native species 
is generally considered to be the wide-ranging Emoia 
atrocostata (Cogger and Sadlier 1981; Cogger et al. 1983; 
Brown 1991), but may merit closer taxonomic scrutiny. 
Recent analyses demonstrate that Lepidodactylus listeri, 
Cryptoblepharus egeriae and Emoia nativitatis are of 
remarkable antiquity, separated from their closest sampled 
relatives for 5-20 million years (Oliver et al. 2018). 

All five endemic reptile species are considered 
threatened at global and national levels (Table 1), having 
exhibited severe and rapid decline since the 1980s (Smith 
et al. 2012; Andrew et al. 2018). Emoia nativitatis is now 
extinct, and Lepidodactylus listeri and Cryptoblepharus 
egeriae are extinct in the wild. The Christmas Island 
population of Emoia atrocostata was also extirpated over 
this period (Andrew et al. 2018). 
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CLASS AVES 

The birds of Christmas Island have been well-studied 
with several reviews, the most recent being James and 
McAllan (2014). At the time of colonisation there were 
eight seabird and eight landbird species breeding, but 
that had increased to nine and 14 species respectively by 
1982, due to both colonisation and introduction (Stokes 
1988). Four of the seabirds and seven of the landbirds 
are endemic taxa, but not all are full species. A further 
complication is that the seabird taxa disperse widely 
as a routine part of their life histories. Six species are 
considered endemic (Table 2). 

Of the landbirds, the Christmas Island imperial pigeon 
Ducula whartoni , Christmas Island swiftlet Collacalia 
natalis , Christmas Island hawk-owl Ninox natalis and 
Christmas Island white-eye Zosterops natalis were each 
described as full species (Sharpe 1887; Lister 1889). 
The Zosterops is the only one to be universally treated 
as a full species ever since. However, because it has a 
small, introduced subpopulation in the Cocos (Keeling) 
Islands (Woinarski et al. 2014), we characterise it here 
as an ‘original endemic’. The three other species were 
subsumed as subspecies of Wallacean congeners by 
Chasen (1933a) and Chasen (1935), and this was followed 
internationally, for example by Peters (1940) and locally 
by Gibson-Hill (1947g). Ducula whartoni was briefly 
considered to be a subspecies of Ducula rosacea , but 
otherwise has been regarded as full species by recent 
authorities (e.g. Christidis and Boles 2008) and is treated 
as such by ALA and GBIF. Ninox natalis was listed 
as a subspecies of N. forbesi and then N. squamipila , 
before being elevated to a full species again by Norman 
et al. (1998). Since Chasen (1933a), Collacalia natalis 
has usually been treated as a subspecies of Collacalia 
esculenta (e.g. ALA, AFD, GBIF), but also Collacalia 
linchi (e.g. Christidis and Boles 2008). A recent study 
integrating molecular and morphological data justified its 
full species status (Rheindt et al. 2017), which has been 
adopted by GBIF. 

As with Zosterops natalis , attempts were made by 
the Clunies Ross family to translocate populations of 
Ducula whartoni , and also the endemic subspecies of 
island thrush Turdus poliocephalus erythropleurus 
from Christmas Island to islands in the Cocos (Keeling) 
group (Gibson-Hill 1949a), but the pigeon and thrush 
introductions ultimately failed (Stokes et al. 1984). 

The type specimen of Abbott’s booby Papasula abbotti 
was collected on Assumption Island in 1893 where it 
probably bred. Evidence (mostly from subfossils) indicates 
that prehistorically it bred widely in the tropical Indo- 
Pacific (James and McAllan 2014). It now breeds only 
on Christmas Island. The Christmas Island frigatebird 
Fregata andrewsi was described as a full species, and 
that has never been challenged. Both of these seabirds 
are breeding endemic species that disperse widely when 
feeding or not breeding (James and McAllan 2014). 

There are also five endemic subspecies of birds. Three 
taxa conventionally regarded as subspecies are: ‘golden’ 
white-tailed tropicbird Phaethon lepturus fulvus (though 


it has no type locality); Christmas Island emerald dove 
Chalcophaps indica natalis ; and Christmas Island thrush 
Turdus poliocephalus erythropleurus. The Christmas 
Island goshawk Accipiter hiogaster natalis is sometimes 
treated as a full species (e.g. James and McAllan 2014). A 
fifth endemic subspecies, Fregata minor listen , is widely 
overlooked due to a nomenclatural error (see James and 
McAllan 2014), so further taxonomic review is warranted. 

Above species level, there is one endemic genus of 
birds, Papasula (Olson and Warheit 1988), which is 
monotypic. 

Conservation-wise, the birds have fared well compared 
with the other vertebrate groups, with no extinctions 
despite some declines (Garnett et al. 2011; James and 
McAllan 2014). All endemic taxa are recorded regularly 
(James and McAllan 2014); nonetheless, 11 endemic bird 
taxa are listed as threatened, that being three species 
globally, and seven species and four subspecies nationally 
(Table 1). 

CLASS MAMMALIA 

Collections around the time of the island’s settlement 
reported five terrestrial native mammal species (two 
rodents, two bats and a shrew) from Christmas Island. 
Rattus nativitatis and R. macleari have been consistently 
accepted as valid species and endemic (Thomas 1887, 
1889; Andrews 1900b; Jackson and Groves 2015). The 
shrew has had a mercurial taxonomic history, but the 
most recent review confirmed its status as an endemic 
species Crocidura trichura (Eldridge et al. 2014), and 
this is conventionally accepted (Jackson and Groves 
2015). The island’s only insectivorous bat was described 
as an endemic species, Pipistrellus murrayi by (Andrews 
1900b), but was subsequently subsumed within the more 
wide-ranging P. tenuis (Koopman 1973). This treatment 
is no longer accepted, and P. murrayi is now universally 
accepted as a valid species endemic to Christmas Island 
(Jackson and Groves 2015). The island’s flying-fox was 
described as an endemic species, Pteropus natalis by 
Thomas (1887), but reduced to an endemic subspecies 
of the more widespread P. melanotus by Chasen 
(1940). This conclusion has been accepted by some 
but not all subsequent accounts, with a recent analysis 
remaining equivocal (Phalen et al. 2017). The most recent 
taxonomic review of Australian mammals accepted it as 
a valid species endemic to Christmas Island (Jackson and 
Groves, 2015), but noted a need for further taxonomic 
assessment. Hence, the terrestrial native mammal species 
of Christmas Island comprise either five endemic species, 
or four endemic species and one endemic subspecies. 

The Christmas Island mammal assemblage has not 
fared well. The two Rattus species became extinct within 
two decades of the island’s settlement (Andrews 1909; 
Wyatt et al. 2008; Green 2014). The pipistrelle became 
extinct in 2009 (Lunney et al. 2011; Martin et al. 2012; 
Woinarski et al. 2017). The two remaining species 
(the shrew and flying-fox) are recognised globally and 
nationally as threatened (Table 1), and, with no records 
since 1985, the shrew is probably extinct. 
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TABLE 1A Christmas Island endemic plant and animal species that are listed as threatened at national or global level. 

EPBCA-listed status refers to the Australian listing (as at December 2019) under the Environment Protection 
and Biodiversity Conservation Act. 


Species 

National status 

Global (IUCN) status 

Plants 



Lister’s palm Arenga listeri 


Endangered 

Invertebrates 



Christmas Island stick-insect Ramulus stilpnoides 


Vulnerable 

Reptiles 

Lister’s gecko Lepidodactylus listeri 

Critically endangered 

Extinct (in the wild) 

Christmas Island giant gecko Cyrtodactylus sadleiri 

Endangered 

Endangered 

Blue-tailed skink Cryptoblepharus egeriae 

Critically endangered 

Extinct (in the wild) 

Forest skink Emoia nativitatis 

Critically endangered 

Extinct 

Christmas Island blind snake Ramphotyphlops exocoeti 

Vulnerable 

Endangered 

Birds 



Christmas Island frigatebird Fregata andrewsi 

Endangered 

Critically endangered 

Abbott’s booby Papasula abbotti 

Endangered 

Endangered 

Christmas Island hawk-owl Ninox natalis 

Vulnerable 

Vulnerable 

Mammals 



Maclear’s rat Rattus macleari 

Extinct 

Extinct 

Bulldog rat Rattus navitatis 

Extinct 

Extinct 

Christmas Island pipistrelle Pipistrellus murrayi 

Critically endangered 

Extinct 

Christmas Island shrew Crocidura trichura 

Critically endangered 

Critically endangered 

TABLE IB Christmas Island endemic plant and animal subspecies that are listed as threatened at national level (note 

that subspecies are not listed at global level). 

* Pteropus natalis is treated here as an endemic species, although under both national and global 
threatened species listings, it is treated as a subspecies. 

Subspecies 

National status 


Plants 



Tectaria devexa var. minor 

Endangered 


Birds 



White-tailed tropicbird Phaethon lepturus fulvus 

Endangered 


Christmas Island emerald dove Chalcophaps indica natalis 

Endangered 


Christmas Island goshawk Accipiter (hiogaster) natalis 

Endangered 


Christmas Island thrush Turduspoliocephalus erythropleurus 

Endangered 


Mammals 



Christmas Island flying-fox Pteropus (melanotus) natalis 

Critically endangered* 







TABLE 2 List of species considered endemic to Christmas Island. Year of last collection is given for species not recorded in the last 50 years, otherwise is given simply as 'Recent'. 
Note that synonyms are not given exhaustively for all species. 
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Equisetopsida Pandanales Pandanaceae Pandamis elatus Ridley, 1906 Recent 

Equisetopsida Poales Poaceae Ischaemum nativitatis Jansen ex Renvoize, 1985 Recent 

Equisetopsida Apiales Pittosporaceae Pittosporum nativitatis Baker f., 1900 Recent 

Equisetopsida Gentianales Apocynaceae Hoya aldrichii Hemsley, 1890 Recent 
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Gastropoda Caenogastropoda Triphoridae Mastonia anomala Laseron, 1958 1916 

Gastropoda Caenogastropoda Triphoridae Mastoniaeforis decorata (Laseron, 1958) Epiforis decorata 1916 

Gastropoda Caenogastropoda Triphoridae Mastoniaeforis radix (Laseron, 1958) Epiforis radix 1916 

Gastropoda Caenogastropoda Triphoridae Nanaphora minuta Laseron, 1958 1916 
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Stomatopoda 

Malacostraca Stomatopoda Protosquillidae Chorisquilla quinquelobata (Gordon, 1935) Gonodactylus Recent 

quinquelobatus 



Malacostraca Decapoda Grapsidae Karstarma jacksoni (Balss, 1934) Sesarma jacksoni Recent 

Malacostraca Decapoda Sesarmidae Chiromantes garfimkel Davie and Ng, 2013 Recent 

Malacostraca Decapoda Varunidae Orcovita orchardorum Davie and Ng, 2012 Recent 

Malacostraca Decapoda Varunidae Orcovita hicksi Davie and Ng, 2012 Recent 
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Spirostreptus exocoeti 

Diplopoda Penicillata Lophoproctidae Lophoturus speophilus Nguyen Duy-Jacquemin, 2014 Recent 

Diplopoda Penicillata Lophoproctidae Lophoturus humphreysi Nguyen Duy-Jacquemin, 2014 Recent 
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Insecta Psocodea Pachytroctidae Tapinella curvatoides Smithers, 1995 Recent 

Insecta Psocodea Pseudocaeciliidae Levucaecilius hilli Smithers, 1995 Recent 

Insecta Psocodea Psocidae Sundapsocus robertsoni Smithers, 1995 Recent 



Insecta Hemiptera Cicadellidae Batracomorphus punctatus (Kirby, 1900) Idiocerus punctatus, Recent 

Bythoscopus punctatus 

Insecta Hemiptera Cicadellidae Erythroneura harmsi Izzard, 1936 Recent 

Insecta Hemiptera Cixiidae Oliarus trispiralis Locker, 2006 Recent 
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Insecta Hemiptera Pentatomidae Plautia grossepunctata (Kirby, 1900) Pentatoma grossepunctata 1964 



Coleoptera 

Insecta Coleoptera Ptinidae Clada posticum (Gahan, 1900) Paranobium posticum Recent 

Insecta Coleoptera Ptinidae Neoptinus parvus Gahan, 1900 Recent 

Insecta Coleoptera Anthribidae Apatenia apicalis Gahan, 1900 Recent 
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Insecta Coleoptera Curculionidae Rhyncolosoma dabiam (Gahan, 1900) Phloeophagosoma dubium Recent 

Insecta Coleoptera Curculionidae Camptorhinus crinipes Gahan, 1900 Recent 

Insecta Coleoptera Curculionidae Acicnemis andrewsi Gahan, 1900 Recent 

Insecta Coleoptera Curculionidae Rhyncholobus andrewsi Gahan, 1900 Recent 
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Insecta Coleoptera Tenebrionidae Promethis carbonaria (Arrow, 1900) Nyctobates carbonaria, Recent 

Setenis carbonaria 



Diptera 

Insecta Diptera Asilidae Orthogonis christmasensis (Daniels, 2012) Laphria nigrocaerulea, Recent 

Laphria christmasensis 

Insecta Diptera Calliphoridae Hemipyrellia jucunda (Kirby, 1889) Stilbomyia jucunda 1964 
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Insecta Lepidoptera Pyralidae Ephestia scotella Hampson, 1900 1939 

Insecta Lepidoptera Geometridae Anisodes hypomion Prout, 1933 Recent 

Insecta Lepidoptera Geometridae Comostoloapsis regina Thierry-Mieg, 1915 Recent 

Insecta Lepidoptera Geometridae Ecliptopera phaula Prout, 1933 Recent 
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Homalictus binghami 

Insecta Hymenoptera Megachilidae Lithurgus andrewsi Cockerell, 1909 Lithurge andrewsi 1897-98 

Insecta Hymenoptera Megachilidae Megachile nivescens Kirby, 1900 1964 

Insecta Hymenoptera Megachilidae Megachile rotundipennis Kirby, 1900 1964 

Insecta Hymenoptera Pteromalidae Sirovena stigma Boucek, 1988 Recent 



Insecta Hymenoptera Scelionidae Oxyscelio caesitas Burks, 2013 Recent 

Insecta Hymenoptera Vespidae Euodynerus polyphemus (Kirby, 1889) Odynerus polyphemus Recent 

Insecta Hymenoptera Vespidae Polistes balder Kirby, 1889 Recent 
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Mammalia Insectivora Soricidae Crocidura trichura Dobson, 1889 1985 
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TABLE 3 List of putative undescribed taxa that are potentially new endemic species to Christmas Island. 


Class 

Order 

Family 

Affinities 

Source 

Gastropoda 

Hypsogastropoda 

Cypraeidae 

Lyncina sp. nov. 

Meyer (2004) in Tan and Low (2014) 

Gastropoda 

Architaenioglossa 

Cyclophoridae 

Leptopoma sp. nov. 

Tan and Low (2014) 

Gastropoda 

Hypsogastropoda 

Assimineidae 

gen nov. sp. nov. 

Kessner (2006) 

Gastropoda 

Littorinimorpha 

Charopidae 

Charopa sp.nov. 

Laidlaw (1935); Kessner (2006) 

Polychaeta 

Spionida 

Spionidae 

Prionospio sp. nov. 

Molecular phylogeny by 

K. Worsaae (pers. comm.). 

Ostracoda 

Podocopida 

Darwinulidae 

Vestalenula sp. E 

Rossetti et al. (2011) 

Ostracoda 

Podocopida 

Darwinulidae 

Penthesilenula sp. nov. 

Humphreys (2014) 

Maxillopoda 

Calanoida 

Arietellidae 

gen. nov., sp. nov. 

Bruce and Davie (2006) 

Malacostraca 

Isopoda 

Armadillidae 

Myrmecodillo sp. nov. 1 

Humphreys and Eberhard (2001) 

Malacostraca 

Isopoda 

Armadillidae 

Myrmecodillo sp. nov. 2 

Humphreys and Eberhard (2001) 

Malacostraca 

Isopoda 

Armadillidae 

Myrmecodillo sp. nov. 3 

Humphreys (2014) 

Malacostraca 

Isopoda 

Armadillidae 

Myrmecodillo sp. nov. 4 

Humphreys (2014) 

Malacostraca 

Isopoda 

Eubelidae 

Elumoides sp.nov. 

Humphreys (2014) 

Malacostraca 

Isopoda 

Philosciidae 

Papuaphiloscia sp. nov. 1 

Humphreys and Eberhard (2001) 

Malacostraca 

Isopoda 

Philosciidae 

Papnaphiloscia sp. nov. 2 

Humphreys (2014) 

Malacostraca 

Thermosbaenacea 

Halosbaenidae 

Halosbaena sp. nov. 

Humphreys (2014) 

Malacostraca 

Decapoda 

Paguridae 

gen. nov., sp. nov. 1 

Tan et al. (2014b) 

Malacostraca 

Decapoda 

Paguridae 

gen. nov., sp. nov. 2 

Tan et al. (2014b) 

Malacostraca 

Decapoda 

Diogenidae 

Clibanarius sp. nov. 

Tan et al. (2014b) 

Arachnida 

Pseudoscorpiones 

Chthoniidae 

Tyrannochthonius sp. nov. 1 

Humphreys (2014) 

Arachnida 

Pseudoscorpiones 

Chthoniidae 

Tyrannochthonius sp. nov. 2 

Humphreys (2014) 

Arachnida 

Schizomida 

Hubbardiidae 

Apozomus sp. nov. 

Humphreys (2014) 

Entognatha 

Diplura 

Campodeidae 

Cocytocampa sp. nov. 2 

Humphreys and Eberhard (2001) 

Insecta 

Zygentoma 

Nicoletiidae 

Metrinura sp. nov. 

Humphreys and Eberhard (2001) 

Insecta 

Blattodea 

Blattellidae 

gen. nov., sp. nov. 

Humphreys and Eberhard (2001) 

Insecta 

Orthoptera 

Mogoplistidae 

Mogoplistinae gen? sp. nov. 

CSIRO Division of Entomology (1990) 

Insecta 

Orthoptera 

Tettigoniidae 

gen?, sp. nov. 

Humphreys and Eberhard (2001) 

Insecta 

Hemiptera 

Omaniidae 

gen. nov., sp. nov. 

CSIRO Division of Entomology (1990) 

Insecta 

Neuroptera 

Chrysopidae 

Mallada sp. nov.? 

New (1991) 

Insecta 

Hymenoptera 

Crabronidae 

Liris sp. nov. 

CSIRO Division of Entomology (1990) 

Insecta 

Hymenoptera 

Crabronidae 

Tachysphex sp. nov. 

CSIRO Division of Entomology (1990) 

Insecta 

Hymenoptera 

Crabronidae 

Pison sp. nov. 1 

CSIRO Division of Entomology (1990) 

Insecta 

Hymenoptera 

Crabronidae 

Pison sp. nov. 2 

CSIRO Division of Entomology (1990) 

Insecta 

Hymenoptera 

Vespidae 

Subancistrocerus sp. nov. 

CSIRO Division of Entomology (1990) 
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Equisetopsida Apiales Araliaceae Heptapleurum natale Ridl. = Schefflera eUiptica Harms. (GBIF, ALA) 

Equisetopsida Cucurbitales Cucurbitaceae Zehneria alba Ridley, 1906 = Z. mucronata (Blume) Miq. (ALA) 

Equisetopsida Ericales Primulaceae Ardisiapulchra Ridl. = Ardisia sanguinolenta Blume (ALA) 

Equisetopsida Gentianales Rubiaceae Saprosma nativitatis Baker f., 1900 = Amaracarpuspubescens Blume, 1826 (ALA) 



Equisetopsida Laurales Lauraceae Cryptocarya nativitatis Rendle = Cryptocarya nitens (Blume) 

ex Baker f., 1900 Koorders and Valeton, 1904 (ALA) 

Equisetopsida Malphighiales Euphorbiaceae Claoxylon caerulescens Ridl. = Claoxylon indicum Hassk (ALA) 

Equisetopsida Malvales Malvaceae Grewia osmoxylon Ridley, 1906 = Grewia laevigata Vahl (ALA) 

Equisetopsida Myrtales Myrtaceae Eugenia gigantea Ridl. = Syzygium nervosum DC. (ALA) 
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Gastropoda Hypsogastropoda Rissoidae Alvania isolata (Laseron, 1956) Taiwan (ALA, GBIF) 

Gastropoda Hypsogastropoda Rissoidae Austrosina quinita Laseron, 1956 = Rissoina honoluluensis Watson, 1886 (ALA) 

Gastropoda Hypsogastropoda Rissoidae Rissonia evanida (Laseron, 1956) Indo-Pacific (ALA, GBIF) 

Gastropoda Hypsogastropoda Rissoidae Schwartziella lata Laseron, 1956 = Zebina triticea (Pease, 1861) (ALA) 

Gastropoda Hypsogastropoda Rissoidae Pandalosia oceanica Laseron, 1956 = Zebina ephamilla (Watson, 1886) (ALA) 
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Maxillopoda Cyclopoida Oithonidae Oithona vivida Farran, 1913 Northern Australia (GBIF) 

Maxillopoda Cyclopoida Oithonidae Paraoithonapulla Farran, 1913 N.W. Pacific and Red Sea (Ferrari and Bottger, 1986) 

Malacostraca Decapoda Paguridae Pagnritta harmsi (Gordon, 1935) Widely distributed (GBIF, ALA) 

Malacostrata Decapoda Cryptochiridae Opecarcinus granulatus (Shen, 1936) Indo-Pacific (AFD, GBIF) 

Malacostraca Decapoda Grapsidae Sesarma murrayi Caiman, 1909 = Pachygrapsus minutus 
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Insecta Diptera Asilidae Laphria nigrocaerulea Kirby, 1889 Replacement name = Orthogonis christmasensis 

(Daniels, 2012) (ALA) 

Insecta Diptera Culicidae Aedes andrewsi Edwards, 1927 Indonesia (GBIF) 

Insecta Lepidoptera Nympahlidae Vadebra macleari (Butler, 1887) = Euploea climena (ALA) 

Insecta Lepidoptera Nympahlidae Hypolimnas listen Butler, 1889 = H. bolina (GBIF) 



Insecta Lepidoptera Pieridae Terias amplexa (Butler, 1887) = Eurema alitha (ALA) 

Insecta Lepidoptera Pyralidae Pyralis listen Butler, 1889 = EndotrichapimcticostaUs (Walker, 1866) (ALA) 

Insecta Lepidoptera Geometridae Syrrhodia vindex Prout, 1933 = Hyperythra rubricata Warren, 1898 

mainland Australia (ALA) 

Insecta Lepidoptera Erebidae Euproctis pulverea Hampson, 1900 Widely distributed (GBIF) 
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(ALA, but cf. GBIF which retains it as a distinct species) 

Aves Columbiformes Columbidae Chalcophaps natalis Fister, 1889 = Chalcophaps indica (Finnaeus 1758) 

(AFA, but cf. GBIF which retains it as a distinct species) 

Aves Passeriformes Turdidae Turdus erythropleurus Sharpe, 1887 = Turdus poliocephalus Fatham 1801 

(AFA, but cf GBIF which retains it as a distinct species) 




TABLE 5 Proportion of endemic species (our tallies) relative to all species recorded for Christmas Island, for some of the better-studied taxonomic groups. Numbers include 
species reported to have become extinct since the island's settlement in 1887 
* tally likely to include some introduced species. 

** note that the tally of the no. of recorded spp. is from a 1990 assessment. 


ENDEMIC SPECIES OF CHRISTMAS ISLAND 


97 


2 X 


S B 


PQ m 




98 


D.J. JAMES, P.T. GREEN, W.F. HUMPHREYS AND J.C.Z. WOINARSKI 


TABLE 6 Date of last known record for Christmas Island species unreported for 50 years or more. 


Decade 

No. of spp. 

Species 

1880s 

1 

Cryptops inermipes 

1890s 

29 

Geastrnm andrewsii, Peperomia rossii, Oceanapia sessilis, Haliclona innominata, 

Tylos nudulus, Ariadna natalis, Ecatoderus flavipalpis, Paralabella murrayi, Anisolabis 
subarmata, Peritropis listeri, Nysius spectabilis, Elasmolomus maculatus, Ascetoderes 
strigatus, Apomecyna nigritarsis,-Psylliodes temiepunctata, Henosepilachna nativitatis, 
Cossonus variipennis, Rhyncholobus vittatus, Eophileurus convexus, Paederus listeri, 
Amarygmus funebris, Leperina marmorata, Poecilosomella pectiniterga, Opogona 
punctata, Moca chlorolepis, Cosmoclostis quadriquadra, Brenthia elachista, Choreutis 
ornaticornis, Lithurgus andrewsi 

1900s 

6 

Ectropothecium micronesiense, Isopterygium jelinkii, Ixodes nitens, Xenopsylla nesiotes, 
Rattus nativitatis, Rattus macleari 

1910s 

15 

Finella rugosa, Cyclonidea carina, Chrystella islandica, Rissoina isolata, Schwartziella 
delicatula, Zebina acicula, Zebina constricta, Pyramidelloides viticula, Mastonia 
anomala, Mastoniaeforis decorata, Mastoniaeforis radix, Nanaphora minuta, Subulophora 
marginata, Subulophora virgina, Potenatomus secundus 

1920s 

0 


1930s 

20 

Anxietas perplexa, Plesiotrochusfischeri, Lamprocystis mabelae, Filistata gibsonhilli, 
Heteropoda listeri, Hypocambala exocoeti, Laccocoris montandoni, Paurostauria delicata, 
Taylorilygus aldrichi, Taylorilygus murrayi, Sessinia listeri, Syritta maritima, Cymatopus 
calcaratus, Cymatopus longipilus, Ephestia scotella, Hemithea hyperymna, Ruttelerona 
scotozonea, Sauris pelagitis, Scopula tumiditibia, Lithacodia griseomixta 

1940s 

0 


1950s 

0 


1960s 

12 

Dicliptera maclearii, Nisiocatantops orientalis, Sassula subviridis, Varcia affinis, Varcia 
flavicostalis, Plautia grossepunctata, Orychodes andrewsi, Rhyparida rossi, Hemipyrellia 
jucunda, Patellapis binghami, Megachile nivescens, Megachile rotundipennis 


TABLE 7 Comparison of numbers of endemic terrestrial species, and their fate, among some of Australia's oceanic 
islands. Extinctions here include species that are formally and validly listed as extinct or extinct in the 
wild by the IUCN, Australian or relevant state/territory jurisdictions, with these tallies undoubtedly under¬ 
estimating the actual number of extinctions. See text for main information sources for Lord Howe and 
Norfolk Island groups. 

* One additional now extinct species (Aplonis fusca) occurred only on both Lord Howe and Norfolk Islands. 



Christmas 

Lord Howe 

Norfolk 

Island area (km 2 ) 

137 

16 

36 

Island area including satellite islands (km 2 ) 

137 

17 

38 

No. of endemic plant spp. 

17 

c. 100 

c. 38 

No. of endemic plant genera 

0 

5 

2 

No. of extinct endemic plant spp. 

0 

1 

1 

No. of endemic invertebrate spp. 

c. 200 

c. 600 

no known estimate 

No. of endemic invertebrate genera 

9 

c. 40 

no known estimate 

No. of extinct endemic invertebrate spp. 

0 

1 

1 

No. of endemic terrestrial vertebrate spp. 

16 

5 

4 

No. of extinct endemic vertebrate spp. 

6 

4* 

2* 
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DISCUSSION 

There are distinctive features of the biodiversity 
sampling history of Christmas Island that render 
this exercise both easy and difficult. The unusually 
extensive taxonomic breadth and sampling intensity 
of the early (1887-1908) collections at the onset of 
the island’s settlement provide, for many taxonomic 
groups, an almost unparalleled baseline inventory. 
Those collections help to now determine which 
species in the current biota are native and which have 
subsequently been introduced, and which species may 
have subsequently been rendered extinct. However, for 
many taxonomic groups, those early collections have 
not been repeated, and without recent sampling it is 
now difficult to assess whether some of the long-ago 
described species (often represented in collections by the 
holotype only or a very few specimens) are still valid, 
and the extent to which those species have persisted, 
declined or become extinct. 

The ascription of endemism proved challenging for 
many taxa, because: (i) for many species there were few 
records (rendering it difficult to describe the bounds of 
their distribution); (ii) for some species described long 
ago it was difficult to trace the subsequent taxonomic 
treatment; (iii) there is inconsistency in current specific 
recognition; and (iv) some taxa considered as endemic in 
previous studies are yet to be described. 

We conclude that at least 253 described species are 
endemic to Christmas Island (Table 2). Most are insects 
(150 species), with the highest numbers in the orders 
Coleoptera (58 species), Lepidoptera (25 species), 
Hemiptera (24 species), Hymenoptera (12 species), 
and Psocodea (10 species); there are also 27 endemic 
species of Mollusca, 17 vascular plants, 15 crustaceans, 
eight arachnids, six birds, five fish, five reptiles and 
five mammals. A further 34 species were considered 
to be endemic, or probably so, by those documenting 
their occurrence, but have not yet been formally 
described (Table 3). Our tallies for, and the complement 
of, endemic species represent a notable advance on 
that presented in a recent listing of endemic species 
from several Australian islands, including Christmas 
Island (Morris et al. 2018). That listing considered that 
there were 36 species and five subspecies endemic to 
Christmas Island (18 plants, four invertebrates, four 
reptiles, ten birds and five mammals). Four of these are 
shown here not to be endemic species ( Dendrocnide 
peltata, Zehneria alba, Asplenium listen and Papilio 
memnori). The disparity between the Morris et al. (2018) 
list and our assessment is especially pronounced for 
invertebrates. 

Endemism is not restricted to the species level; 
there are about ten endemic genera - the crab genus 
Christmaplax , the beetle genera Rhyncholobus and 
Psammorpha , the hemipteran genera Andrewsiella 
and Paurostauria (although the validity of the latter 
genus may merit further scrutiny: Fletcher (2008)), the 


psocid Sundapsocus , the grasshopper Nisiocatantops, 
the cockroach Metanocticola , a new genus of copepod 
(Arietellidae) (Bruce and Davie 2006) and Papasula 
(comprising Abbott’s booby only). The crab family 
Christmaplacidae, originally based on one Christmas 
Island species, was considered endemic (Naruse and 
Ng 2014) until the recent discovery of another species 
assigned to the family, from Guam (Mendoza and Ng 
2017). 

For those taxonomic groups for which reasonably 
comprehensive inventories are available, the extent 
of endemism is summarised in Table 5. For at least 
reptiles and mammals, a majority of native species 
present (or formerly present) are endemic. Endemic 
species comprise a smaller proportion of marine species, 
presumably due to greater dispersal opportunities 
in the marine environment. Birds are unusual in 
that the number of native breeding species is small, 
but the number of colonising, visiting and vagrant 
species is proportionally large and growing steadily 
(James and McAllan 2014). However, we note that this 
comparison across taxonomic groups in the proportion 
of endemic species is compromised; for better-studied 
groups (the vertebrates and vascular plants), the total 
number of native species and of endemic species is 
well-documented, whereas neither tally is likely to be 
complete for poorly-known groups. 

Some of the endemic species are of particular 
evolutionary and biogeographical significance. For 
example, the ostracods Humphreysella baltanasi and 
Microceratina martensi, the cave shrimp Procaris 
noelensis and the cave microshrimp Halosbaena sp. nov. 
represent lineages of great antiquity and remarkably odd 
biogeography (Page et al. 2018), and may be relicts of 
groups originating in the shallows of the Tethys Sea at 
least as early as the Mesozoic (225 to 65 million years 
ago) (Namiotko et al. 2004; Humphreys et al. 2009). The 
relictual endemic Abbott’s booby is the most ancestral 
of all the Sulidae, having diverged from all other living 
relatives more than 20 million years ago, and to have 
existed as a species for at least fifteen million years 
(Olson and Warheit 1988; Patterson et al. 2011). This 
species, and the Christmas Island frigatebird, both 
feature in the top 50 bird species globally for their 
combination of evolutionary distinctness and rarity (Jetz 
et al. 2014). At least some of the Christmas Island reptile 
species are also of great antiquity, reflecting a very long 
period of isolation. For example, recent genetic analyses 
have demonstrated that the endemic blue-tailed slcink, 
Lister’s gecko and forest skink diverged from their 
nearest living relatives between 5 and 25 million years 
ago (Oliver et al. 2018). 

The number of endemic species listed here is likely 
to be a substantial under-estimate of the actual number 
of endemic species given that some taxonomic groups 
have been subject to no or only cursory inventory. For 
example, the total list of wasps and bees known from 
Christmas Island is 34 identified species, of which 
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we recognise 12 as endemic. However, the CSIRO 
expedition of 1989 collected an estimated 299 morpho- 
species (CSIRO Division of Entomology 1990); Parks 
Australia collected 71 morpho-species (James 2007) 
and the CESAR Consulting Group collected a very 
large number of parasitoid wasp species (Weeks 2013), 
almost all un-named. Likewise, the rich Psocoptera 
fauna of Christmas Island was largely undocumented 
until the 1990s. Most of the recognised species came 
from a single collection (in 1989) of 246 specimens, 
representing 33 identifiable species that included ten 
newly described ones (Smithers 1995). As another 
example, recent sampling of freshwater invertebrates 
concluded that ‘numerous macroinvertebrate species are 
thought to be novel uncharacterised taxa that may be 
endemic to Christmas Island’ (V. Pettigrove pers. comm. 
in Weeks and McColl 2011). 

The history of collections on Christmas Island is 
unusual - it is marked by the extremely substantial 
sampling undertaken in the 1-2 decades soon after 
the island’s settlement in the 1880s, most notably by 
Charles Andrews, with very intermittent sampling 
subsequent to that (Figure 2). Other than the spurt of 
new species described in the period 1887-1919, the rate 
of description of endemic species has been reasonably 
continuous and shows no sign of reaching an asymptote 
(Figure 2). As documented in the accounts above, for 
many taxonomic groups there has been little collecting, 
for others substantial collections have not yet been 
worked through, and for yet others new taxa have been 
recognised but not yet described (e.g. Table 3). Hence, it 
is likely that many endemic species remain undiscovered 
and undescribed. Our review also concluded that 
at least 141 species for which Christmas Island is 
the type locality are no longer recognised as valid 
endemic species (Table 4), mostly because the species 
has subsequently been found elsewhere, or because of 
taxonomic re-sorting. 

On Christmas Island, losses of some endemic species 
occurred very rapidly. The endemic Maclear’s rat Rattus 
macleari and bulldog rat R. nativitatis were extremely 
abundant at the onset of the island’s settlement, but were 
rendered extinct within a decade (Andrews 1909; Green 
2014). The Christmas Island pipistrelle Pipistrellus 
murrayi remained abundant and apparently secure up 
to at least the 1980s but declined rapidly thereafter, 
culminating in extinction in 2009 (Martin et al. 2012; 
Woinarski 2018). Likewise, three of the four endemic 
lizards, and another native but not endemic lizard, were 
also abundant in the 1980s, but became extinct or extinct 
in the wild by 2012 (Smith et al. 2012; Andrew et al. 
2018). For some of these vertebrates, the rapidity of loss 
outstripped the pace of formal recognition as threatened. 
For example, the Christmas Island forest skink Emoia 
nativitatis was first listed as a threatened species in 
2010 (at global scale) and January 2014 (nationally). This 
was at about the time or after its extinction in the wild 
in 2010 and shortly before the 2014 death of the last of 


three individuals collected in the hope of establishing 
a captive breeding program (Andrew et al. 2018). The 
belated listing was notwithstanding substantial evidence 
over several decades of severe decline (Smith et al. 
2012). Likewise, the blue-tailed skink Cryptoblepharus 
egeriae was not listed as threatened globally until it 
was recognised as extinct in the wild in 2017, again 
notwithstanding compelling evidence over several 
decades of rapid and severe decline (Smith et al. 2012). 

Fourteen endemic species and six endemic subspecies 
are listed as threatened at national or global levels (Table 
1), including six that are listed as extinct or extinct in 
the wild. All of the latter are vertebrates. No endemic 
plant or invertebrate species are listed as threatened at 
the national level. This listing may now have belatedly 
caught up with the imperilled (or extinct) status for most 
terrestrial vertebrates, but it has notably failed to provide 
adequate (or indeed, any) consideration of the status 
of the majority of Christmas Island’s endemic species, 
particularly the c. 200 endemic invertebrate species. 
Only one of these endemic invertebrates ( Ramulus 
stilpnoides ) has been accorded any conservation status 
notwithstanding the absence of records of many species 
for more than 100 years, and the likelihood that at least 
some of the threats that have caused decline in endemic 
plant and terrestrial vertebrate species (e.g. habitat loss, 
introduction and proliferation of yellow crazy ants and 
black rats) are also likely to have affected endemic 
invertebrate species, perhaps to an even greater extent. 
Even within some relatively well-known groups, there 
has been anomalous treatment of conservation status 
assignation. For example, the endemic plant Peperomia 
rossii has not been recorded since 1897-98 but has no 
assigned conservation status. In contrast, the relatively 
abundant and still widespread palm Arenga listen is 
listed as Endangered at the global level. 

Although noting the cautionary tale of the rapid recent 
decline (from abundant in the late 1980s to extinction 
c. 20 years later) of the Christmas Island pipistrelle 
and Christmas Island forest skink, the date of the 
most recent record may provide some indication of the 
current status or at least flag a cause for concern for 
some poorly-known endemic species or species-groups. 
However, this date is also difficult to determine for many 
taxa given incomplete documentation and determination 
of some collections. Our assessment indicates that at 
least 51 of the 253 endemic species (20%) have not been 
reported for at least 100 years, and another 33 endemic 
species (13%) have not been reported for 50-100 years 
(Table 6). For the two vertebrates {Rattus nativitatis and 
R. macleari ) in this list of long-lost species, extinction 
is validly recognised, but such status has not been 
formally recognised for the similarly long-missing 
invertebrate and plant species, although relevant reviews 
have concluded so for some species, such as the flea 
Xenopsylla nesiotes and tick Ixodes nitens - both hosted 
by the extinct endemic Rattus macleari (Mihalca et al. 
2011; Colwell et al. 2012; Kwak 2018). 
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Many of the endemic species that have not been 
reported for at least 50 years may now be extinct, 
and many others highly imperilled and may be in 
need of urgent conservation management response, 
lest they too become extinct. However, long periods 
without reporting may also represent lack of sampling, 
identification challenges, or simply inconspicuousness, 
and may be a weak foundation for assuming 
imperilment. There are several notable examples of 


re-discovery of Christmas Island endemic species after 
long absences. For example, Ridley’s ground orchid 
Zeuxine exilis was rediscovered in 2009 after not being 
reported for more than 100 years (Green et al. 2010), 
and has now been observed at numerous sites and often 
in very large numbers (PG pers. obs.). The Christmas 
Island shrew Crocidura trichura was extremely 
abundant at the time of the island’s settlement (Andrews 
1900c), but virtually disappeared between 1900 and 




1880 1900 1920 1940 1960 1980 2000 


Decade 


FIGURE 2 


Date of description of species still recognised as endemic to Christmas Island. A) Number of species (still 
recognised as endemic) described per decade; B) Cumulative number of such species. 
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1908 and was considered extinct in assessments in 1908 
(Andrews 1909) and in the 1930s (Gibson-Hill 1947f). 
However, two individuals were recorded in 1958 and 
two more were collected in the mid-1980s (Eldridge et 
al. 2014), although it has not been reported since. The 
Christmas Island blind snake Ramphotyphlops exocoeti 
has been reliably recorded only six times since 1901, 
and only once since 1986 (Maple et al. 2012). In 2004 
one of the Christmas Island jewel weevils, Rhyncolobus 
rossi, was ‘rediscovered’ when a single specimen was 
collected for the first time since Andrew’s original 
collection in 1897-98 (Surman 2004). The conservation 
status (or even whether extant or extinct) of such 
nebulous species may be particularly difficult to assess. 

Nonetheless, some precautionary consideration 
of conservation status for poorly-known endemic 
species is justifiable, given the range and intensity of 
threats continuing to affect biodiversity on the island, 
the demonstrated decline and extinction of many 
well-known endemic species, and the retrospectively- 
recognised rate of extinctions of poorly-known species 
on many other islands (Regnier et al. 2009, 2015a,b). 
In the absence of evidence to the contrary, most or 
all endemic terrestrial species on Christmas Island 
should qualify (and hence be listed, at national and 
global scales) as Endangered under IUCN categories 
Blab(ii,iii,v)+2ab(ii,iii,v) - that is, with extent of 
occurrence between 100 and 5,000 km 2 (an actual 
value of at most 137 km 2 ) [=B1], area of occupancy 
between 10 and 500 km 2 (an actual value of at most 137 
km 2 , but probably appreciably less given the extent of 
habitat lost to mining and other development) [=B2], 
occurrence at between one and five locations (an 
actual value of one) [=a], and an inferred or projected 
continuing decline [=b] in area of occupancy (reflecting 
distributional contraction due to ongoing habitat loss 
and likely exclusion of the species from areas with 
crazy ant super-colonies, or coral bleaching, or other 
threats) [=ii], area, extent and/or quality of habitat 
(reflecting ongoing loss of habitat and decline in habitat 
quality due to those same threats) [=iii], and number 
of mature individuals (due to those same threats) 
[=v]. This categorisation may not fit for subterranean 
species (for which habitat loss or degradation may not 
have occurred, or may not be continuing), although 
these are likely to have been affected by other threats 
arising from the island’s settlement and resource use, 
especially groundwater extraction. The assessment 
that the majority of Christmas Island’s endemic 
species most likely qualify as Endangered under 
IUCN categories Blab(ii,iii,v)+2ab(ii,iii,v) matches 
a comparable assessment of endemic invertebrates 
on the Azores (Cardoso et al. 2011a). An alternative 
approach may be to list many of these poorly-known 
endemic species as Data Deficient. However such a 
categorisation is not available at the national level under 
Australia’s environmental legislation, and provides little 
conservation security or obligation for management 


prioritisation, and for most criteria (area of occupancy, 
extent of occurrence, number of locations, and - less 
so - likelihood of continuing decline) there is sufficient 
information to exclude the need to use the Data Deficient 
category. 

Another option for providing some bolstered 
conservation security for some Christmas Island 
endemic species is by considering these species as 
short-range endemics (Harvey et al. 2011) and using 
the island’s existing governance matrix (which includes 
applicability of some Western Australian law, including 
in some environmental matters) to allow for some 
explicit protection of such species under Western 
Australian legislation (Environmental Protection 
Authority 2009). Such listing is not currently available 
under national or global conservation status processes, 
strategies or law. This approach may be particularly 
applicable for Christmas Island’s endemic subterranean 
fauna, with comparable species in Western Australia 
a particular focus for listing and protection as short- 
range endemics. Most Christmas Island endemic species 
would readily qualify for such listing, as they meet the 
legislated criteria of being terrestrial and freshwater 
invertebrates with distributions of less than 10,000 km 2 . 

In addition to consideration of such listing, a range 
of other measures should be taken to help maintain the 
endemic species, and hence the biodiversity significance 
of this island. Given that introduced species are the 
major cause of extinctions in island species globally 
(Sax and Gaines 2008; Medina et al. 2011; Harper and 
Bunbury 2015; Doherty et al. 2016; McCreless et al. 
2016), a priority for conservation of Christmas Island’s 
endemic biodiversity is to bolster the current weak 
biosecurity efforts and standards (Beeton et al. 2010). 

A reference collection of all endemic species (or 
at least images of all endemic species) should be 
established and maintained, to help raise awareness 
of the existence of poorly-known endemic species, 
and as a catalyst for reporting records of them: such 
a catalogue of images is currently being compiled for 
endemic lepidopteran species (C. Pink pers. comm). 
Targeted surveys should be undertaken for endemic 
species, particularly those that have not been recorded 
for many decades. Targeted surveys are also warranted 
more broadly for those taxonomic groups that have 
hitherto been subjected to little sampling. Research 
should be conducted into poorly-known endemic 
species that are likely to be most imperilled, with 
such studies seeking especially to assess population 
size, distribution, threats and management needs; and 
such assessment should then be repeated regularly via 
monitoring to evaluate population trends and responses 
to management. Many of the species we considered 
here to be confirmed or probable endemics may be 
of uncertain taxonomic status, with little taxonomic 
scrutiny since original collections more than 100 years 
ago. For such species, taxonomic re-assessment may be 
now long overdue. 
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Many of the poorly-known endemic species that 
have been unrecorded for more than 50 years have no 
precise locational data (often other than ‘Christmas 
Island’). This renders such species difficult to consider 
in assessments of possible impacts of proposed 
developments and in other spatial conservation planning 
exercises for the island. To be able to plan for their 
conservation, more knowledge about these species is 
required. Establishing how to identify all these endemic 
species is a first essential step. Only then will it be 
possible to start documenting systematic information 
on geographical distribution, habitat preferences, foods 
sources, life-cycles, etc. Most of the endemic species 
are invertebrates and many of these are likely to have 
been severely affected by supercolonies of crazy ants, 
with some perhaps also affected by the extensive 
application of insecticides used as temporary control 
measures for these supercolonies. It is most likely that 
populations of many endemic invertebrate species 
will have been lost from these supercolony areas, but 
may have persisted in those areas that have never been 
affected by supercolonies. Because of high-resolution 
mapping, these areas (that have not yet been exposed 
to supercolonies of crazy ants) have been well-defined 
(Boland et al. 2011), and such areas should now be 
prioritised for survey for Tost’ endemic invertebrates 
and excluded from ongoing development. 

There have been some notable examples of 
consideration of poorly-known endemic species 
in conservation management on the island, and 
some examples of inadequate consideration. During 
consideration of the introduction of a parasitoid wasp 
as a biocontrol agent for the scale insects that are the 
resource base for development of super-colonies of 
crazy ants, managers inventoried hemipterans already 
present on the island, assessed which were likely to 
be endemic and evaluated the likely impact of the 
proposed introduction of parasitoids on those species 
(Neumann et al. 2016, 2018), although even in this case, 
our review indicates that that previous scrutiny did not 
recognise all endemic hemipterans. In contrast, other 
than for two species of high profile charismatic crabs, 
poorly-known and endemic species were not considered 
at all in an assessment of the likely impacts of broad- 
scale application of insecticides to control yellow crazy 
ants (Stork et al. 2014), or a recently failed application 
for further forest clearing to facilitate new mining 
operations (Frydenberg 2018). 

Some other conservation measures taken for the 
threatened vertebrates have probably also provided 
some benefit for poorly-known endemic species, as is 
reportedly the case for biodiversity on other islands 
(Aslan et al. 2015). These measures include the control 
of yellow crazy ants, some environmental constraints on 
mining and other developments, and the establishment 
of a national park encompassing the majority of 
the island. However, other substantial management 
investments targeting threats to threatened endemic 
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vertebrates (notably a current program to control 
feral cats) are unlikely to provide protection also to 
imperilled endemic invertebrate or plant species; and 
the establishment of a national park, while providing 
a bulwark against mining and vegetation clearance, 
is unlikely of itself to have prevented the impacts of 
some other threats (notably pests, disease and weeds) to 
endemic species. 

Because of very variable sampling comprehensiveness 
among island groups, it is challenging to compare the 
number and fate of endemic species we report here for 
Christmas Island with those of other islands. Albeit with 
many caveats (notably including variation among islands 
in the extent of sampling), we list some comparisons 
with the two other biodiversity-rich oceanic islands of 
Australia, Lord Howe Island (and its satellite islands) 
and Norfolk Island (and its satellite islands), with 
information for these two other island groups sourced 
mainly from Cassis et al. (2003) and Department of 
Environment and Climate Change (NSW) (2007) 
for the Lord Howe Island group and Neuweger et al. 
(2001), Cogger et al. (2006), Mills (2009) and Director 
of National Parks (2010) for the Norfolk Island group. 
There are several notable features of this comparison. 
Although the number of known endemic invertebrate 
and plant species on Christmas Island is substantial, 
comparable tallies on Lord Howe and Norfolk are much 
higher, notwithstanding their smaller size: and the 
number of endemic genera is appreciably higher on Lord 
Howe and Norfolk. In contrast, Christmas Island has 
many more endemic vertebrate species. The extinction 
of endemic vertebrates, but relative security of endemic 
plants, is a notable common feature of the three islands. 
However, the extent of extinction or persistence of 
endemic invertebrates is difficult to assess on all of 
these islands. 
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ABSTRACT -The Western Australian Museum holds a vast collection of specimens representing a 
large portion of the 106 currently recognised taxa of dragon lizards (family Agamidae) known to occur 
across Australia. While the museum's collection is dominated by Western Australian species, it also 
contains a selection of specimens from localities in other Australian states and a small selection 
from outside of Australia. Currently the museum's collection contains 18,914 agamid specimens 
representing 89 of the 106 currently recognised taxa from across Australia and 27 from outside of 
Australia. This includes 824 type specimens representing 45 currently recognised taxa and three 
synonymised taxa, comprising 43 holotypes, three syntypes and 779 paratypes. Of the paratypes, 
a total of 43 specimens have been gifted to other collections, disposed or could not be located and 
are considered lost. An annotated catalogue is provided for all agamid type material currently and 
previously maintained in the herpetological collection of the Western Australian Museum. 

KEYWORDS: type specimens, holotype, syntype, paratype, dragon lizard, nomenclature. 


INTRODUCTION 

The Agamidae, commonly referred to as dragon 
lizards, comprises over 480 taxa worldwide, occurring 
in Africa, Asia, Australia and southern Europe. Within 
Australia, the family is represented by 106 taxa (98 
species and 12 subspecies) within 16 genera (Uetz et 
al. 2019). Species diversity within Australian genera is 
highly variable, with the number of taxa within genera 
ranging from single species to 37. The highest diversity 
occurs in Ctenophorus Fitzinger, 1843 (32 spp. + 7 
subspp.) followed by Diporiphora Gray, 1842 (28 spp.), 
Tympanocryptis Peters, 1863 (15 spp.), Pogona Storr, 
1982 (6 spp. + 3 subspp.), Amphibolurus Wagler, 1830 
(4 spp.), Lopognathus Gray, 1842 (2 spp.), Lophosaurus 
Fitzinger, 1843 (2 spp.) and a number of monotypic 
genera ( Chelosania Gray, 1845, Chlamydosaurus Gray, 
1825, Cryptagama Witten, 1984, Gowidon Wells & 
Wellington, 1983 [1984], Hypsilurus Peters, 1867, 
Intellagama Wells & Wellington, 1985, Moloch Gray, 
1841, Rankinia Wells & Wellington, 1983 [1984], 
Tropicagama Melville, Ritchie, Chappie, Glor & 
Schulte, 2018) (Uetz et al. 2019). 

The first Australian agamid was named in 1790 
by John White, Lacerta muricata White, 1790 [now 
Amphibolurus muricatus (White, 1790)] from New 
South Wales, and the first known to occur in Western 


Australia was named by John Edward Gray in 1825, 
Clamydosaurus kingii Gray, 1825 [now Chlamydosaurus 
kingii (Gray, 1825)]. Most early taxonomic and 
nomenclatural work on Australian agamids in the 19th 
century was undertaken by European researchers, 
namely John Edward Gray of the British Museum 
(Natural History) (now Natural History Museum, United 
Kingdom (NHMUK)), which resulted in little type 
material for species described during this time being 
held in Australian Museums. Between 1800-1850, 15 
currently recognised taxa were described, of which 
14 were by John Gray. From 1851-1900, a further 18 
currently recognised taxa were described, contributed 
by a range of European and Australian authors. An 
increase in the number of Australian researchers and 
museum facilities in the 20th century saw a large 
quantity of agamid species described during this time, 
with a substantial portion of type material held in 
Australian collections. Between 1901-1950, 12 currently 
recognised taxa were described, largely contributed 
by Francis John Mitchell (5 taxa), Richard Sternfeld (3 
taxa) and Arthur Loveridge (2 taxa). In the late 20th 
century (1951-2000), 41 currently recognised taxa were 
described. Extensive work by Glen Milton Storr of the 
Western Australian Museum (WAM) during this period 
saw a significant increase in the number of described 
taxa (29 taxa between 1964-1981), mostly from Western 
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Australia, with the majority of the type material being 
deposited at the WAM. Since 2000, the research by the 
current WAM Curator of Herpetology, Paul Doughty, 
and colleagues including Jane Melville and Katie Smith 
Date (Museums Victoria, Melbourne (NMV)) has seen 
substantial increases in agamid species descriptions 
(19 taxa). This increase in diversity has resulted from 
numerous species discoveries and revisionary works of 
species complexes utilizing genetic data within currently 
recognised taxa, many of which have some or all type 
material deposited in the WAM collection. 

Since its 1891 establishment, the WAM [originally 
known as the Geological Museum (1891-1892), then 
the Public Museum (1892-1895), Perth Museum 
(1895-1897), Western Australian Museum and Art 
Gallery (1897-1960 and subsequently the WAM (1960- 
present)] herpetological collection has grown to become 
one of the largest Australian collections [second only 
to the Australian Museum, Sydney (AMS)], and one 
of the largest regional collections in the world, with 
over 168,000 specimens (as of 5 February 2019). From 
1891 through around 1895, all material donated to 
the WAM was recorded in a donations register (titled 
‘1895 Donations to the Museum’). During the same 
time, a separate register titled ‘1895 THE MUSEUM 
PURCHASES’, detailed items purchased by the museum. 
The earliest entry referring to an agamid specimen in 
the register titled ‘1895 Donations to the Museum’ is for 
‘1 Lizard (Calotes versicolor)’ [current nomenclature of 
specimen unknown, presumably a Ctenophorus species], 
from ‘Perth’, collected/donated by ‘M.A.L. Fraser[?]’, 
dated 4 November 1895. Numerous entries prior to this 
date list only ‘lizard’, ‘iguana’ or ‘spiny lizard’, which 
may or may not refer to agamid species; however, no 
further information is provided. The earliest entry of 
an agamid specimen in the museum purchases register 
is a dry skin of ‘Stellio vulgaris’ [current nomenclature 
of specimen unknown, presumably a Ctenophorus 
species], collected by ‘J.T. [John Thomas] Tunney, 
from ‘Broome’ dated 30 June 1896. From 1896-1912, 
all material donated to, collected or purchased by the 
WAM, including amphibian and reptile specimens, 
was accessioned into a series of six hardcopy general 
catalogues. The earliest documented entry of an agamid 
specimen into the first hardcopy WAM ‘Register 1896— 
1900’ was ‘Moloch, Moloch Horridus’, collected/donated 
by ‘Mrs Drummond’ with no locality data listed, dated 
11 July 1896. Prior to the use of the donations register 
and general catalogues, many earlier acquisitions by the 
WAM were published in the local press. The earliest 
reference to the acquisition of an agamid specimen in 
the local press was ‘Mr Page — a preserved Moloch 
Horridus, commonly known as the “York Devil’”, 
published in the Inquirer and Commercial News on 1 
February 1865 (Anonymous 1865) which was donated to 
the then Swan River Mechanics Institute which was later 
purchased and added to the Geological Museum in 1892 
(subsequently the Public Museum, then Perth Museum) 
before it became the WAM (Anonymous 1960). The 
whereabouts of the first specimens referred to in the local 


press, donations register, or early catalogues is unknown 
as no registration number or additional specimen 
information was provided. No specimens matching 
the limited donor/collector and locality information of 
the early acquisitions listed above could be identified 
within the current agamid collection at the WAM and are 
presumed lost or disposed. 

In 1912 a separate handwritten catalogue was 
established specifically for herpetological specimens, 
with all specimens accessioned into the collection 
from this point forward also given a registration 
number prefixed with ‘R’ to denote the herpetology 
collection and is still in use today. Many specimens 
from the earlier general hardcopy catalogues were 
re-catalogued into the newer herpetofauna catalogue 
and assigned with ‘R’ numbers; however, it is not clear 
if this was completed for the whole collection. The 
earliest agamid specimen documented in the WAM 
herpetofauna catalogue (titled ‘Rl. 1 TO 2923’) is Rl, 
a Moloch horridus , collected/donated by ‘Mr Reece’ 
with a street address in Leederville (presumably the 
collector/donors home address) written in the locality 
column and an annotation stating, ‘from the Goldfields’, 
accessioned by Ludwig Glauert (former Keeper of 
Biological Collections, Curator, Director and Director 
Emeritus of the WAM, 1910-1963), dated 7 July 1912 
(presumably the accession date). The following three 
entries (R2-R4) have ditto signs referring to the data 
for Rl, and an annotation associated with R2 states 
‘Note: two specimens with the same registration number 
“R2”. Separated — R2 and R97222’, initialled ‘CAS 
2008’ [Claire A. Stevenson, WAM Technical Officer 
(Terrestrial Vertebrates), 2004-2013). All specimens 
formerly registered in the WAM herpetofauna catalogue 
with ‘R’ prefixed registration numbers, including 
those above, have since been entered into the current 
electronic herpetological collection database where all 
new specimens are now accessioned. 

As of 5 February 2019, the family Agamidae 
is represented by 18,914 (c. 11.3%) of the 168,179 
specimens in the WAM herpetology collection and 
comprises primarily Western Australian species. The 
collection contains specimens representing 89 taxa from 
Australia, in addition to 285 specimens representing 27 
taxa from outside Australia. Non-Australian specimens 
include, 214 from Indonesia (representing eight taxa), 
43 from Malaysia (representing 11 taxa), 13 from 
India (representing four taxa), one from Papua New 
Guinea, and a single specimen with only ‘Africa’ 
presented as locality and three (representing three taxa) 
from unknown origins. Apart from the Indonesian 
specimens collected during WAM expeditions in the 
1980s-1990s, many non-native specimens have been 
obtained via Perth Zoo (ex-captive display animals) or 
quarantine intercepts and lack precise locality data. 
The majority of agamid specimens are whole specimens 
fixed in a 10% formalin solution and stored in a 70% 
ethanol solution in addition to a small quantity of 
alizarin-alcian stained, plastinated, skeletal and skin 
preparations of some species. 


CATALOGUE OF TYPE SPECIMENS OF DRAGON LIZARDS 

Over 7,500 type specimens are, or have formerly 
been, held in the WAM herpetology collection with 
824 specimens representing types of 48 agamid species 
or subspecies (including three currently considered 
junior synonyms of other taxa): 45 primary types (43 
holotypes and two syntypes) and 779 secondary types 
(all paratypes). The WAM collection contains type 
material for 45 of the 106 currently recognised species 
or subspecies occurring in Western Australia. Of the 
824 type specimens held in the WAM collection, 43 
paratypes are no longer held in the WAM collection, 
including 19 which have been gifted to other institutions 
since their designation as type material, one was found 
desiccated and disposed by former curatorial staff, and 
a further 23 could not be located in the collection and 
are considered lost. The WAM published a partial list 
of type compiled by G. M. Storr annually in the WAM 
Annual Report from 1960 through 1969, before it was 
discontinued in 1970 with the intention of publishing 
a consolidated and complete type list which was never 
achieved (Anonymous 1961, 1970). The Annual Report 
type lists presented only primary type material, i.e. 
holotypes and lectotypes, and occasionally syntypes 
and neotypes; however, no secondary types were listed. 
A total of 10 parts of the type list were presented, of 
which only part 2 (1960-61), part 5 (1963-64), part 
7 (1965-66), part 8 (1966-67) and part 9 (1967-68) 
included agamid material for 16 species or subspecies 
(Anonymous 1961, 1964, 1966, 1967, 1968). Since 
the 1969 Annual Report, there have been no further 
publications on the agamid type material held in the 
herpetological collection of the WAM. 

An audit of the type specimens held in the WAM 
herpetological collection was initiated to publish a 
current type catalogue of the material held in accordance 
with recommendation 72F of the Code (ICZN 1999). 
Due to the size of the herpetological type collection 
at the WAM, separate audits were undertaken by 
family and the type catalogue presented in a series 
of publications. The first of the series was a type 
catalogue of the turtles (Testudines: Chelidae) (Ellis 
and Georges 2015), followed by the frogs (Anura: 
Hylidae, Limnodynastidae and Myobatrachidae) (Ellis 
et al. 2017), Gekkota (Squamata: Carphodactylidae, 
Diplodactylidae, Gekkonidae, Pygopodidae) (Ellis et 
al. 2018) and varanids (Squamata: Varanidae) (Ellis 
2018a). The current type catalogue is the fifth of a series 
aimed at presenting all type material of amphibians and 
reptiles held by the WAM and presents the type agamids 
(Squamata: Agamidae) held in the WAM collection. 

METHODS 

Information on type specimens was obtained from 
the original description and compared with information 
retrieved from accession data in early specimen registers 
and the current digital herpetology specimen database in 
addition to jar labels, personal communications and 
subsequent publications relating to relevant type 
material. All type specimens in the collection of the 


117 

WAM were examined in addition to any respective label 
information and notations. Where specimens could not 
be located in the type collection, extensive searches 
of the general collection, accession data, original 
descriptions and other records were undertaken during 
the audit to locate missing specimens or those lacking 
data. Type specimens of species that have, since their 
description, been synonymised and/or resurrected from 
synonymy with other taxa, or those with type material 
donated to the WAM since their description are also 
included. This catalogue was prepared in accordance 
with the rules, recommendations, definitions and 
amendments of the International Code for Zoological 
Nomenclature (International Commission on Zoological 
Nomenclature 1999, 2003, 2012). 

FORMAT 

This catalogue follows the format of previous WAM 
type catalogues on the turtle (Ellis and Georges 2015), 
anuran (Ellis et al. 2017), gekkotan (geckos and legless 
lizards) (Ellis et al. 2018) and varanid (Ellis 2018a) type 
specimens held in the WAM collection. 

ORIGINAL BIN0MEN 

Genus species subspecies Author, year 

Original type species citation 

Author, year, title, journal, page(s), [page of description]. 
Primary type (holotype/syntype) 

Registration number, locality (latitude/longitude), 
collector(s) and collection date. 

Secondary type(s) (paratype/s) (number of types in WAM 
collection) 

Registration number, locality. 

Current nomenclature 

Current generic and specific recognition of the species. 
Current status 

Current status and validity of the species, synonymies 
Remarks 

Additional information provided on subjects including 
the history and status of types, location of additional 
type specimens, ambiguity in type designations and 
information regarding the synonymy or resurrection of a 
species or subspecies if necessary and available. 

Each taxon is presented by the name provided by 
the original author(s), followed by the author’s name, 
and year of publication. Species names are given in the 
exact format in which they were first published. The 
original type species publication citation follows next 
displaying the author(s), year, title (of article or book), 
journal (unless otherwise), page(s) and the page on which 
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the species description commences in square brackets 
([x]). Primary type (holotype or syntype) information 
includes WAM registration number, locality, latitude and 
longitude (in degrees minutes seconds, where recorded 
to that precision or decimal degrees as provided in the 
original description), collector(s) name and collection 
date. Primary type localities and coordinates shown 
in quotes are those presented in the original published 
descriptions, including errors. Coordinates presented 
in square brackets [x] and lacking quotes have been 
determined from accession data that was not presented 
in the original description or subsequently determined 
based on locality data presented in the description. All 
dates are presented as day - month - year, month - 
year or year, as presented in the original description 
or relevant information sources. Secondary types 
(paratype/s) are displayed showing WAM registration 
number and locality. Specific locality (latitude and 
longitude) and collection details (collector and date) are 
not provided for secondary type specimens. Specimens 
marked with an asterisk (*) are no longer held in the 
collection of the WAM, either due to being gifted to 
another institution, disposal by WAM or loss of 
specimen. Details of specimens no longer held in the 
collection are discussed further in the Remarks section 
of each species where information was available. Current 
nomenclature and status are only presented where change 
from the original binomen has occurred such as generic 
changes, specific amendments, changes to species or 
subspecies status and synonymy or resurrection from 
synonymy. Remarks include relevant information on 
issues and errors from original descriptions, specimens, 
historical remarks or subsequent publications referring 
to the species or specimens as well as information 
relating to the synonymy or resurrection of the 
species or information pertaining to lost or destroyed 
specimens. Where known, tissue samples for holotypes 
are presented with tissue type, storage method and 
storage location. Secondary type material with tissue 
samples deposited at the WAM are presented with 
tissue type and storage method where known. Tissue 
samples for type material that has been depleted is not 
presented. Square brackets ([x]) indicate corrections 
or additions of information presented in the original 
description or subsequent publications. The prefix R is 
used to denote registration numbers corresponding to the 
specimens in the herpetofauna collection of the WAM. 

The following acronyms and abbreviations in 
presenting type information in this catalogue have been 
used, institution acronyms follow Sabaj (2016). 

ANWC Australian National Wildlife Collection, 

Canberra, ACT, Australia 

AMS Australian Museum, Sydney, NSW, 

Australia 

E east 

ENE east-northeast 

ESE east-southeast 

FMNH Field Museum of Natural History, Zoology 

Department, Chicago, Illinois, U.S.A. 


HS Homestead 

km kilometres 

MCZ Museum of Comparative Zoology, 

Harvard University, Cambridge, 
Massachusetts, U.S.A. 

mi miles 

MMUS Macleay Museum, University of Sydney, 
NSW, Australia 

Mt Mount 

N north 

NE northeast 

NHMUK Natural History Museum (formerly British 
Museum (Natural History)), London, 

United Kingdom 

NMV Museums Victoria (formerly National 

Museum of Victoria and Museum Victoria), 
Melbourne, Vic., Australia 

NNE north-northeast 

NNW north-northwest 

nr near 

NR Nature Reserve 

NT Northern Territory, Australia 

NTM Museums and Art Galleries of the Northern 

Territory (formerly Northern Territory 
Museum of Arts & Sciences), Darwin, NT, 
Australia 

NTR CSIRO Division of Wildlife Research, 

Darwin, NT Australia 

NW northwest 

Qld Queensland, Australia 

QM Queensland Museum, Brisbane, Qld, 

Australia 
S south 

SE southeast 

SSE south-southeast 

SSW south-southwest 

SW southwest 

SA South Australia 

SAMA South Australian Museum, Adelaide, 

SA, Australia 

SE southeast 

SSE south-southeast 

SSW south-southwest 

Stn Station 

SW southwest 

the Code International Code of Zoological 

Nomenclature (edition included in citation) 
W west 

WA Western Australia 

WAM Western Australian Museum, Perth, WA, 

Australia 
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ACCOUNT OFTYPE SPECIMENS 

SQUAMATA 

Family Agamidae 

Amphibolurus adelaidensis chapmani 
Storr, 1977 

Storr, G.M. (1977) The Amphibolurus adelaidensis 
species group (Lacertilia, Agamidae) in Western 
Australia. Records of the Western Australian Museum 
5(1): 73-81 [80], 

Holotype 

R24657, ‘11 km SSE of Cocklebiddy, WA (32°08'S, 
126°08'E)’, G.M. Storr and A.M. Douglas, 8 October 
1965. 

Paratypes (15) 

R11368*, Esperance, WA; R24590, 16 km NE Eucla, 
WA; R24656, 11 km SSE Cocklebiddy, WA; R29592, 
7 km W Holt Rock, WA; R30801, Cape LeGrand, WA; 
R31172, Madura, WA; R34505, 7 km W Holt Rock, 
WA; R40752, Lake Magenta NR, WA; R41944, Cape 
LeGrand, WA; R44435, R44436, North Tarin Rock NR, 
WA; R44526, Fraser Range, WA; R47363, Red Gum Pass, 
Stirling Range, WA; R53399, 14 km SSE Cocklebiddy, 
WA; R53401, 21 km SSE Cocklebiddy, WA. 

Current status and nomenclature 

Ctenophorus chapmani , see Melville et al. (2001) for 
generic allocation and Greer (1989) for specific status. 

Remarks 

One paratype (R11368) was not located and has not 
been sighted in various audits and searches dating back 
to November 1998, including type audits undertaken 
between July 2008-February 2010. The specimen is 
presumed lost. 

Amphibolurus barbatus microlepidotus 
Glauert, 1952 

Glauert, L. (1952) Herpetological miscellanea. II. Some 
new Western Australian lizards. Western Australian 
Naturalist 3: 168-170 [168], 

Syntypes (2) 

R591-92 [in error, R951-52], ‘Drysdale River Mission 
[Pago], North Kimberley’, WA (14°08'S; 126°43'E), 
presented by Rev. Father Salinas, July 1922. 

Current status and nomenclature 
Pogona microlepidota, see Storr (1982a) for generic 
allocation and Badham (1976) for specific status. 

Remarks 

The two registration numbers listed by Glauert as 
‘types in the original description are in error, R591 is 
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specimen of Pseudonaja affinis (Serpentes: Elapidae) 
and R592 a specimen of Neelaps calonotus (Serpentes: 
Elapidae) (Ellis 2018b). The correct registrations for the 
two Pogona microlepidota syntypes are R951-52 (Ellis 
2018b). 

Amphibolurus caudicinctus graafi 
Storr, 1967 

Storr, G.M. (1967) Geographic races of the agamid 
lizard Amphibolurus caudicinctus. Journal of the 
Royal Society of Western Australia 50: 49-56 [51], 

Holotype 

R25914, ‘Mt Eveline [40 mi [64 km] E of Warburton 
Range], WA (26°10’S, 127°06’E)’, G.M. Storr and W.H. 
Butler, 4 November 1965. 

Paratypes (31) 

R15716-17, 13 mi [21 km] NE Mt Eveline, WA; 
R19488, R25915-38, Mt Eveline, 38 mi [61 km] E 
Warburton Range, WA; R21999, Granite Spring, 18 mi 
[29 km] NE Warburton Range Mission, WA; R22037, 
R22195-96, Windarro Spring, 1 mi [1.6 km] E Granite 
Spring, WA. 

Current status 

Ctenophorus graafi , see Storr et al. (1983) for generic 
placement and Melville et al. (2016) for specific status. 


Amphibolurus caudicinctus infans 
Storr, 1967 

Storr, G.M. (1967) Geographic races of the agamid 
lizard Amphibolurus caudicinctus. Journal of the 
Royal Society of Western Australia 50: 49-56 [51], 

Holotype 

R25945, ‘Deeba Rockhole, 25 miles [40 km] north¬ 
east of Laverton, WA (28°22’S, 122°35'E)’, G.M. Storr 
and W.H. Butler, 7 November 1965. 

Paratypes (9) 

R15725, R22588-89, R25911, Niagara Dam, 7 mi 
[11 km] SW Kookynie, WA; R22583-84, Mt Morgans, 
WA; R25946-48, 25 mi [40 km] NE Laverton, WA. 

Current status 

Ctenophorus infans , see Storr et al. (1983) for generic 
placement and Melville et al. (2016) for specific status. 

Amphibolurus caudicinctus mensarum 
Storr, 1967 

Storr, G.M. (1967) Geographic races of the agamid 
lizard Amphibolurus caudicinctus. Journal of the 
Royal Society of Western Australia 50: 49-56 [51], 
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Holotype 

R19486, ‘5 miles [8 km] south of Meekatharra, WA 
(26°40'S, 118°27'E)% G.M. Storr, 2 February 1961. 

Paratypes (17) 

R13700, Mt Fisher, 110 mi [177 km] E Wiluna, 
WA; R15754, R15771-72, R15790-94, Mileura, WA; 
R19482-85, 14 mi [22 km] N Meekatharra, WA; 
R21115—18, Wiluna, WA. 

Current status 

Junior synonym of Ctenophorus caudicinctus , see 
Melville et al. (2016). 


Amphibolurus caudicinctus slateri 
Storr, 1967 

Storr, G.M. (1967) Geographic races of the agamid 
lizard Amphibolurus caudicinctus. Journal of the 
Royal Society of Western Australia 50: 49-56 [52], 

Holotype 

R26793 (formerly NTM R1471), ‘Hermannsburg, NT 
(23°58'S, 132°46'E)’, K.R. Slater, 11 February 1964. 

Paratypes (2) 

R20869, Hermannsburg, NT; R20902, Alice Springs, 
NT. 

Current status 

Ctenophorus slateri , see Storr et al. (1983) for generic 
placement and Melville et al. (2016) for specific status. 

Remarks 

Holotype specimen retains former NTM registration 
tag. Additional paratype specimens are held in other 
collections: 36 at NTM (NTM R1472-75, R1943, R2018- 
19, R2378-96, R2670-79) and one at SAMA (SAMA 
R3581). 


Amphibolurus clayi Storr, 1966 

Storr, G.M. (1966) The Amphibolurus reticulatus 
species-group (Lacertilia, Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 49: 17-25 [24], 

Holotype 

R14462, ‘3 miles [4.8 km] south of Learmonth, WA 
(22°16'S, 114°06 , li)’, G.M. Storr, 1 November 1961. 

Paratypes (13) 

R3944*, between Wells 31 and 36, Canning Stock 
Route, WA; R3968*, Well 37, Canning Stock Route, 
WA; R12941-45, R13549*, Queen Victoria Spring, 
WA; R14463, 5 mi [8.0 km] E Cardabia, WA; R14628, 
R21998, R22006, R22042*, Warburton Mission, WA. 


Current nomenclature 

Ctenophorus clayi , see Storr et al. (1983). 

Remarks 

One paratype (R22042) found desiccated and 
mouldy was disposed on 31 December 1996 and a 
second (R3944) is marked as being gifted on the WAM 
herpetology database; however, no further information is 
provided on recipient or date of gifting. Two paratypes 
(R3968, R13549) were not located and have not been 
sighted in various audits and searches dating back to 
September 1998, including type audits undertaken 
between July 2008-February 2010; both are presumed 
lost. 

Amphibolurus darlingtoni 
Loveridge, 1932 

Loveridge, A. (1932) New lizards of the genera 

Nephrurus and Amphibolurus from Western Australia. 

Proceedings of the New England Zoological Club 13: 

31-34 [33], 

Paratypes 

R4460 (formerly MCZ 32960), Mullewa, WA. 

Current status 

Junior synonym of Ctenophorus reticulatus , see Storr 
(1966). 

Remarks 

The holotype held in the MCZ collection, MCZ 
R32958, from ‘Mullewa, WA [28°32’S, 115°30'E], was 
collected by RJ. Darlington on 21 September 1931. 
Loveridge designated three additional specimens as 
paratypes (MCZ R32959-61), all collected from the 
type locality by RJ. Darlington and I.M. Dixon between 
18-23 September 1931. Examination of the MCZ online 
specimen database (http://mczbase.mcz.harvard.edu/) 
reveals that one paratype was retained by the MCZ 
(MCZ R32959), the second (MCZ R32960) is annotated 
with ‘Ret to Australia’ under remarks with a ditto mark 
below it in the following line associated with the third 
specimen (MCZ R32961); however, there is no record 
of which museums the specimens were sent to (Jose 
Rosado, personal communication, 2017). Examination of 
WAM specimen registers reveals only one specimen was 
registered into the WAM collection, MCZ R32960 (now 
WAM R4460), 20 September 1932 along with a paratype 
of Nephrurus wheeleri wheeleri described by Loveridge 
in the same paper with type material also gifted to the 
WAM (Ellis et al. 2018). The hardcopy WAM register 
lists both specimens as accessioned 30 September 1932 
and ‘Mr A. Loveridge, MCZ Harvard U.S.A.’ listed as 
donor but does not list the original collector or collection 
dates provided by Loveridge in the original description. 
A loose tag associated with the WAM specimen with 
typed and handwritten text, presumably an early MCZ 
specimen tag, lists the specimens MCZ registration 
number with ‘Amphibolurus darlingtoni Loveridge’ with 
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‘Mullewa’ written below it in pencil. At the bottom of 
the tag, typed text states ‘G.M. Allen, P.J. Darlington 
and W.E. Schevill legit.’ and ‘Australian Exped. 1931— 
32’ below it with G.M. Allen and W.E. Schevill crossed 
out and ‘22.IX.31’ handwritten in pencil, presumably 
the original collection date of the specimen. Despite the 
ditto marks associated with MCZ 32961 indicating the 
specimens was ‘Ret to Australia’ as for MCZ R32960, 
the specimen is now held in the NHMUK (NHMUK 
1946.9.4.68, formerly NHMUK 1932.7.13.2) (Patrick 
Campbell, personal communication, 2017). 


Amphibolurus femoral is Storr, 1965 

Storr, G.M. (1965) The Amphibolurus maculatus 
species-group (Lacertilia: Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 48: 45-54 [49], 

Holotype 

R17008, ‘23 miles [37 km] north-east of Giralia, 
WA (22°29'S, 114°33'E)’, G.M. Storr and B.T. Clay, 19 
October 1962. 

Paratypes (30) 

R9008, Northwest Cape, WA; R17013-18, 9 mi 
[14 km] NE Yanrey, WA; R17100-04, 4 mi [6 km] W 
Bullara, WA; R18674-76, 15 mi [24 km] SE Cardabia, 
WA; R18678-80, 18 mi [29 km] SSW Bullara, WA; 
R18681-82, 13 mi [21 km] S Exmouth Gulf HS, WA; 
R18683-84, 6 mi [10 km] S Learmonth, WA; R18685*, 
5 mi [8 km] N Learmonth, WA; R18686-92, 9 mi 
[14 km] NE Giralia, WA. 

Current nomenclature 

Ctenophorus femoralis , see Storr et al. (1983). 

Remarks 

One paratype (R18685) was not located and has not 
been sighted in various audits and searches dating back 
to September 1998, including type audits undertaken 
between July 2008-February 2010. The specimen is 
presumed lost. 


Amphibolurus fordi Storr, 1965 

Storr, G.M. (1965) The Amphibolurus maculatus 
species-group (Lacertilia: Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 48: 45-54 [48], 

Holotype 

R19151, ‘12 miles [19 km] north-west of Coolgardie, 
WA (30°49'S, 121°02'E)’, J.R. Ford, 1 January 1963. 

Paratypes (16) 

R12950, 12 mi [19 km] NW Cundeelee, WA; R17336, 
18 mi [29 km] SSE Karonie, WA; R18663-70, 12 mi 
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[19 km] NW Coolgardie, WA; R18671, Comet Vale, WA; 
R18672-73, 10 mi [16 km] E Zanthus, WA; R19148-50, 
12 mi [19 km] NW Coolgardie, WA. 

Current nomenclature 
Ctenophorus fordi , see Storr et al. (1983). 


Amphibolurus isolepis citrinus 
Storr, 1965 

Storr, G.M. (1965) The Amphibolurus maculatus 
species-group (Lacertilia: Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 48: 45-54 [51]. 

Holotype 

R21706, ‘2 miles [3 km] west of Boorabbin, WA 
(31°12'S, 120°17'E)’, G.M. Storr, 11 November 1963. 

Paratypes (12) 

R14121, R14125, Dedari, WA; R21710, 12 mi 
[19 km] E Southern Cross, WA; R21707, 2 mi [3 km] 
W Boorabbin, WA; R18830-37, 12 mi [19 km] NW 
Coolgardie, WA. 

Current nomenclature 

Ctenophorus isolepis citrinus , see Storr et al. (1983). 


Amphibolurus isolepis ruberts 
Storr, 1965 

Storr, G.M. (1965) The Amphibolurus maculatus 
species-group (Lacertilia: Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 48: 45-54 [50], 

Holotype 

R18740, ‘Yanrey, WA (22°30’S, 114°48'E)’, G.M. Storr 
and B.T. Clay, 3 November 1961. 

Paratypes (30) 

R5009, Mia Mia, WA; R5331, Marilla, WA; R12624, 
Koordarrie, WA; R13125 (now R176115), R13318, 
176-mile Tank, 22 mi [35 km] NE Winning, WA; 
R16953, Yalobia, WA; R17004-07, 23 mi [37 km] NE 
Giralia, WA; R17009-12, 9 mi [14 km] NE Yanrey, 
WA; R17019-20, 4 mi [6 km] E Onslow, WA; R18743, 
14 mi [22 km] E Yanrey, WA; R18695-96, R18697*, 
R18698, 6 mi [10 km] SE Gnaraloo, WA; R18725, 9 mi 
[14 km] NE Giralia, WA; R18736-39, 16 mi [26 km] NE 
Winning, WA; R18741-43, Yanrey, WA; R18744, 14 mi 
[22 km] E Yanrey, WA. 

Current status 

Ctenophorus rubens, see Storr et al. (1983). 

Remarks 

One registration number listed by Storr (R13125) 
is associated with two specimens, one a specimen of 
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C. rubens and the other a specimen of Parasuta gouldii 
(Serpentes: Elapidae) with examination of hardcopy 
WAM herpetological registers revealing the P. gouldii 
specimen was the first to be assigned the number. The 
C. rubens specimen has been reregistered as R176115. 
One paratype (R18697) was not located and has not 
been sighted in various audits and searches dating back 
to September 1998, including type audits undertaken 
between July 2008-February 2010. The specimen is 
presumed lost. 


Amphibolurus maculatus badius 
Storr, 1965 

Storr, G.M. (1965) The Amphibolurus maculatus 
species-group (Lacertilia: Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 48: 45-54 [46], 

Holotype 

R18624, ‘15 miles [24 km] south-east of Cardabia, 
WA (23°15'S, 113°55 , E)’, G.M. Storr and B.T. Clay, 31 
October 1961. 

Paratypes (77) 

R16872, 12 mi [19 km] SSE Ningaloo, WA; R16875, 
R16879, 15 mi [24 km] SSE Ningaloo, WA; R16955-65, 
3 mi [5 km] SE Cardabia, WA; R16968, 8 mi [13 km] N 
Cardabia, WA; R16969-70, 11 mi [18 km] N Cardabia, 
WA; R16973-74, 14 mi [23 km] N Cardabia, WA; 
R16983*, 12 mi [19 km] SSE Ningaloo, WA; R16985, 
7 mi [11 km] SE Ningaloo, WA; R16986-90, Ningaloo, 
WA; R17317, 6 m [10 km] S Quobba, WA; R18605-10, 
Ningaloo, WA; R18611-17, 12 mi [19km] SSE Ningaloo, 
WA; R18618, 18 m [30 km] SSW Bullara, WA; R18619- 
23, 4 mi [6 km] N Cardabia, WA; R18625, 11 mi [18 km] 
SE Cardabia, WA; R18626-28, 4 mi [6 km] S Gnaraloo, 
WA; R18629-35, 18 mi [29 km] N Quobba, WA; R18637- 
41, Quobba, WA; R18642-43, 6 m [10 km] S Quobba, 
WA; R18644-56, 24 mi [39 km] N Carnarvon, WA. 

Current nomenclature 

Ctenophorus maculatus badius, see Storr et al. (1983). 
Remarks 

One paratype (R16983) is listed on the WAM 
herpetological database as gifted with no further 
information on the recipient of date of gifting and its 
current whereabouts is unknown. The specimen was 
not sighted in audits dating back to September 1998, 
indicating the specimen was gifted prior to then. 


Amphibolurus maculatus dualis 
Storr, 1965 

Storr, G.M. (1965) The Amphibolurus maculatus 
species-group (Lacertilia: Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 48: 45-54 [47], 


Holotype 

R23637, ‘7 miles [11 km] south-southeast of 
Cocklebiddy, WA (32°08'S, ^OS'E)’, G.M. Storr and 
A.M. Douglas, 8 October 1964. 

Paratypes (57) 

R23638-94, 7 mi [11 km] SSE Cocklebiddy, WA. 
Current nomenclature 

Ctenophorus maculatus dualis , see Storr et al. (1983). 


Amphibolurus maculatus griseus 
Storr, 1965 

Storr, G.M. (1965) The Amphibolurus maculatus 
species-group (Lacertilia: Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 48: 45-54 [47], 

Holotype 

R21708, ‘14 miles [23 km] west of Boorabbin, WA 
(31°15'S, ^OWE)’, G.M. Storr, 11 November 1963. 

Paratypes (16) 

R2520-23, Ongerup, WA; R5740, Manmanning, WA; 
R6074, Kunkerin, WA; R10482, Ravensthorpe district, 
WA; R12296, Dumbleyung, WA; R12616, Tarin Rock, 
WA; R13140, 8 mi [13 km] W Coorow, WA; R14021*, 
10 mi [16 km] S Coorow, WA; R21530, Holt Rock, WA; 
R21709, 14 m [23 km] W Boorabbin, WA; R21742, 
R21743*, R21744*, Lake Magenta NR, WA. 

Current nomenclature 

Ctenophorus maculatus griseus, see Storr et al. (1983). 

Remarks 

Three paratypes (R14021, R21743-44) could not be 
located and none were sighted in various audits and 
searches dating back to September 1998, including type 
audits undertaken between July 2008-February 2010. 
These specimens are presumed lost. 

Amphibolurus mckenziei Storr, 1981 

Storr, G.M. (1981) Three new agamid lizards from 
Western Australia. Records of the Western Australian 
Museum 8(4): 599-607 [605], 

Holotype 

R59754, ‘8 km SW of Ponier Rock, WA (32°59’S, 
123°26 , E)’, N.L. McKenzie and P.J. Fuller, 1 March 
1978. 

Paratype 

R59753, 3 km NE Ponier Rock, WA. 

Current nomenclature 

Ctenophorus mckenziei , see Storr et al. (1983). 
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Amphibolurus mitchelli Badham, 1976 

Badham, J.A. (1976) The Amphibolurus barbatus 
species-group (Lacertilia: Agamidae). Australian 
Journal of Zoology 24: 423-443 [435], 

Holotype 

R26828, ‘Derby, WA (17°18'S, 123°37'E), collected by 
the Department of Public Health, 5 February 1966. 

Paratypes (28) 

R13066, [Mt Edgar], Woodstock [Stn], WA; R14135, 
Broome, WA; R15182, R15183-84, R15823, Derby, WA; 
R19377, [23 km SE] Mundabullangana, WA; R19566, 
Mundabullangana, WA; R20078-79, Tambrey, WA; 
R26828 [in error, holotype], R26829-830, Derby, WA; 
R27723, La Grange, WA; R31037, R32166, R32187*, 
R33624, Derby, WA; R31156, R32196-97, Mt Anderson, 
WA; R112605-12 (formerly part of R14135), Broome, 
WA. 

Current status and nomenclature 
Pogona minor mitchelli , see Storr (1982a) for generic 
placement and subspecific status. 

Remarks 

Badham erroneously listed the holotype as a paratype. 
One paratype registration number listed by Badham, 
R14135, included nine specimens, eight of which 
were specimens were reregistered on 26 July 2002 as 
R112605-612. Eight additional paratypes held in the 
SAMA collection (SAMA R1399-400, R1404, R3436, 
R3546, R4483-84, R9520). One paratype (R32187) 
could not be located and is presumed lost. The specimen 
has not been sighted during any previous audits and 
searches dating back to May 1998. 


Amphibolurus nullarbor Badham, 1976 

Badham, J.A. (1976) The Amphibolurus barbatus 
species-group (Lacertilia: Agamidae). Australian 
Journal of Zoology 24: 423-443 [440], 

Holotype 

R29667, ‘16 km NW of Naretha Railway Station, WA 
(30°00’S, 124°58'E), P.J. Fuller, 4 September 1967. 

Paratypes (11) 

R16999 (in error, R16888*), R16896, Forest, WA; 
R19592, [5 km N] Naretha, WA; R24655, Cocklebiddy, 
WA; R28127, Wilsons Bluff, WA; R28901, 70 mi 
[33 km] NNE [NE] Madura, WA; R29486, 10 mi [16 km] 
S Loongana, WA; R31964-965, 70 mi [112.6 km] NNE, 
Rawlinna, WA; R36120, 47 mi [75.6 km] S Cook, SA; 
R39055, 10 mi [16 km] W Seemore Downs, WA. 

Current nomenclature 
Pogona nullabor , see Storr (1982a). 


Remarks 

Two additional paratypes held in the SAMA collection 
(SAMA R3547, R5034). One paratype registration 
listed by Badham (R16999) is in error: the registration 
number R16999 is associated with a specimen of 
Gehyra capensis from Shothole Canyon, WA. The 
correct registration number of a P. nullabor specimen 
matching the locality data provided by Badham is 
R16888; however, the specimen could not be located and 
is presumed lost. The specimen was last sighted during a 
type audit undertaken in May 1998. 


Amphibolurus parviceps butleri 
Storr, 1977 

Storr, G.M. (1977) The Amphibolurus adelaidensis 
species group (Lacertilia, Agamidae) in Western 
Australia. Records of the Western Australian Museum 
5(1): 73-81 [75], 

Holotype 

R54728, ‘near east shore of Useless Inlet, 29 km NW 
of Carrarang, WA (26°18'S, 113°2rE)’, G. Harold and M. 
Peterson, 19 August 1976. 

Paratypes (15) 

R26683, 10 km SW Carrarang, WA; R39019, 
R54839, False Entrance Well, WA; R39032-35, south 
end of Bellefin Prong, WA; R54726-27, 10 km NW 
Useless Loop, WA; R54735-36, 1 km E Editharra Well, 
WA; R54872, 10 km NW Useless Loop, WA; R54822, 
7 km NW Useless Loop, WA; R54890, 3 km SW False 
Entrance Well, WA; R55031, Catfish Bay Well, WA. 

Current status and nomenclature 
Ctenophorus butlerorum, see Melville et al. (2008) for 
generic placement, Storr et al. (1983) for specific status 
and remarks below for amendment of species epithet. 

Remarks 

The ending of the species epithet has been emended 
to reflect the collective of people for which the species 
was named. The latin suffix -z is a masculine genitive 
used to commemorate a single male person; however, 
under Remarks, Storr (1977) stated ‘This subspecies 
is named after Mr and Mrs W.H. Butler’. Therefore, in 
accordance with the Code (International Commission 
on Zoological Nomenclature 1999), the appropriate 
suffix would be -orum which is a genitive plural used 
to commemorate two or more persons sharing the 
same family name, in this case Mr and Mrs Butler, 
thus emending the name to butlerorum. Melville et 
al. (2008) recognised the error relating to the species 
epithet; however, chose not to amend it based on their 
interpretation of relevant Articles of the Code. In 
accordance with Article 34.2 of the Code, the species 
epithet is amended here to butlerorum. 
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Amphibolurus p ictus sal inarum 
Storr, 1966 

Storr, G.M. (1966) The Amphibolurus reticulatus 
species-group (Lacertilia, Agamidae) in Western 
Australia. Journal of the Royal Society of Western 
Australia 49: 17-25 [18]. 

Holotype 

R17649, ‘Norseman, WA (32°10'S, 121 0 46'E)’, G.M. 
Storr, 2 December 1962. 

Paratypes (33) 

R283, R176534 (formerly part of R283), Balladonia, 
WA; R4679, Kulin, WA; R6443, Kurrawang, WA; 
R12091-92, [5 km N Point Malcolm] between Israelite 
Bay and Cape Arid, WA; R13409a, R13409b (now 
R176535), R13409c*, R176535 (formerly R13409b), 
Kalgoorlie district [Kalgoorlie Primary School], WA; 
R14231, Bullock Jinna, 10 mi [16 km] S Cowarna 
Downs, WA; R14879, 12 mi [19 km] SE Yalgoo, WA; 
R17351, Newman Rock, 27 mi [44 km] ESE Fraser 
Range, WA; R18478, R19240, R21533, Lake Varley, WA; 
R19015, Waeel, WA; R19016-22, Norseman district, 
WA; R19026, Lake Throssell, WA; R19029, Cundeelee, 
WA; R19252, Newman Rock, 27 mi [44 km] ESE Fraser 
Range, WA; R19253, Newman Rock, 27 mi [44 km] 
ESE Fraser Range, WA; R20535-36, 12 mi [19 km] SE 
Yalgoo, WA; R20537-38, Lake Anneen, Nannine, WA; 
R21292, Wagga Wagga, WA; R21293, R22280-81, 
12 mi [19 km] SE Yalgoo, WA. 

Current status 

Ctenophorus salinarum , see Storr et al. (1983) for 
generic placement and specific status. 

Remarks 

There are two specimens associated with the 
registration R283, one a specimen of C. salinarium and 
the other a Ctenophorus sp. specimen. The Ctenophorus 
sp. specimen has been registered as R176534, both 
are maintained as paratypes of C. salinatium. One 
registration, R13409, includes three specimens, suffixed 
a-c; however, only two specimens bearing the tag 
R13409 could be located. Of the two specimens, the 
smaller of the two has been reregistered as R176535. The 
third specimen associated with the registration number 
R13409 could not be located and is presumed lost. Only 
two specimens were previously sighted in audits dating 
back to November 1998 and the third is presumed to 
have been lost prior to that. 


Amphibolurus yinnietharra Storr, 1981 

Storr, G.M. (1981) Three new agamid lizards from 
Western Australia. Records of the Western Australian 
Museum 8(4): 599-607 [602], 

Holotype 

R51675, ‘5 km E of Yinnietharra, WA (24°41'S, 
116 0 13'E)’, M. Peterson, 3 October 1975. 


Paratypes (12) 

R47704-06, R52042-45, R56860, 25 km SW 
Yinnietharra, WA; R51674, R51739-41, 5 km E 
Yinnietharra, WA. 

Current nomenclature 

Ctenophorusyinniethara, see Storr et al. (1983). 


Ctenophorus nguyarna 
Doughty, Maryan, Melville & Austin, 2007 

Doughty, P, Maryan, B., Melville, J. and Austin, J. 
(2007) A new species of Ctenophorus (Lacertilia: 
Agamidae) from Lake Disappointment, Western 
Australia. Herpetologica 63(1): 72-86 [75], 

Holotype 

R157979, ‘Savory Creek Mouth, Lake Disappointment, 
WA (23°21’08"S, 122°40’03"E)’, B. Maryan and B. 
Budrey, 14 September 2004. 

Paratypes (11) 

R126970, nr Onegunyah Rockhole, Lake 
Disappointment, WA; R157970-72, Lake Views, Lake 
Disappointment, WA; R157973-78, north-western tip 
Lake Disappointment, WA; R157980, Savory Creek 
Mouth, Lake Disappointment, WA. 

Remarks 

Liver sample of holotype and 10 paratypes (R157970- 
78, R157980) stored frozen (-75°C) at the WAM. 


Diporiphora adductus 
Doughty, Kealley & Melville, 2012 

Doughty, P., Kealley, L. and Melville, J. (2012) 
Taxonomic assessment of Diporiphora (Reptilia: 
Agamidae) dragon lizards from the western arid zone 
of Australia. Zootaxa 3518: 1-24 [17]. 

Holotype 

R141589, ‘2 km west of Bullara Homestead, WA 
(22°40 , 23"S, 114 o 00 , 58"E)’, B. Bush and B. Maryan, 22 
June 2000. 

Paratypes (4) 

R71582, 4 km N of Mia Mia High School [in error, 
HS], WA; R129009, R140984, Urala Stn, WA; R157296, 
Yanrey Stn, WA. 

Remarks 

Liver sample of holotype and three paratypes 
(R129009, R140984, R157296) stored frozen (-75°C) 
at the WAM. Additional heart sample of one paratype 
(R129009) also stored frozen (-75°C) at WAM. 
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Diporiphora albilabris albilabris 
Storr, 1974 

Storr, G.M. (1974) Agamid lizards of the genera 
Caimanops, Physignathus and Diporiphora in 
Western Australia and Northern Territory. Records of 
the Western Australian Museum 3(2): 121-146 [133]. 

Holotype 

R43517, ‘Mitchell Plateau, WA (14°48'S, 125°50’i:)% 
D.J. Kitchener, 7 September 1971. 

Paratypes (18) 

R13780, R41871-72, Kalumburu, WA; R28193, King 
Edward River, WA; R41870, R42938, Crystal Creek, 
WA; R43167-69, R43212, R43343, R43515-16, R43532, 
R43534-37, Mitchell Plateau, WA. 

Current status 

Diporiphora albilabris , see Melville et al. (2019). 

Diporiphora albilabris sobria 
Storr, 1974 

Storr, G.M. (1974) Agamid lizards of the genera 
Caimanops, Physignathus and Diporiphora in 
Western Australia and Northern Territory. Records of 
the Western Australian Museum 3(2): 121-146 [135], 

Holotype 

R23180, ‘35 km SE of Pine Creek, NT (14°04'S, 
131°58'E)’, G.M. Storr and A.M. Douglas, 12 September 
1964. 

Paratypes (3) 

R23181, 35 km SE Pine Creek, NT; R23182, 35 km SE 
Pine Creek, NT; R37133, 72 km SSE Darwin, NT. 

Current status 

Diporiphora sobria , see Melville et al. (2019). 

Diporiphora bilineata margaretae 
Storr, 1974 

Storr, G.M. (1974) Agamid lizards of the genera 
Caimanops, Physignathus and Diporiphora in 
Western Australia and Northern Territory. Records of 
the Western Australian Museum 3(2): 121-146 [143], 

Holotype 

R27648, ‘Kalumburu, WA (14°18'S, 126 o 30'E)’, W.H. 
Butler, 8 July 1965. 

Paratypes (10) 

R13600*, Kalumburu, WA; R28194, R28223, King 
Edward River, WA; R41869, Crystal Creek, WA; 
R42942, New York Range, WA; R43865, R43881*, 
R43882*, R43883*, Kalumburu, WA; R43960, Anjo 
Peninsula, WA. 


Current status 

Diporiphora margaretae , see Melville et al. (2019). 

Remarks 

Twenty-seven additional paratypes held in the SAMA 
collection (SAMA R2848, R13483A-Z). Four paratypes 
have been gifted to other museums, three to AMS on 
1 November 1973 (R43881-83) and one to FMNH 20 
November 1973 (R13600). 


Diporiphora convergens Storr, 1974 

Storr, G.M. (1974) Agamid lizards of the genera 
Caimanops, Physignathus and Diporiphora in 
Western Australia and Northern Territory. Records of 
the Western Australian Museum 3(2): 121-146 [133], 

Holotype 

R42931, ‘Crystal Creek, WA (14°30’S, 125 0 47'E)’, N. 
McNally and C. Pollett, May 1972. 


Diporiphora gracilis 
Melville, Smith Date, Horner 
& Doughty, 2019 

Melville, J., Smith Date, K.L., Horner, P. and Doughty, 
P. (2019) Taxonomic revision of dragon lizards in the 
genus Diporiphora (Reptilia: Agamidae) from the 
Australian monsoonal tropics. Memoirs of Museum 
Victoria 78: 23-55 [46], 

Holotype 

R177291 (formerly NMV D75540), ‘Fairfield- 
Leopold Downs Road, south of Gibb River Rd, WA 
(17°29 , 37.0 M S, 125 q 2T7.7"B)’, P. Oliver, 2 November 
2013. 

Paratypes (3) 

R163503-04, Mornington Stn, WA; R177952 
(formerly NMV D75542), Fairfield-Leopold Downs 
Road, south of Gibb River Rd, WA. 

Remarks 

Two additional paratypes held at NMV (NMV 
D75541, D73901). 

Diporiphora lalliae Storr, 1974 

Storr, G.M. (1974) Agamid lizards of the genera 
Caimanops, Physignathus and Diporiphora in 
Western Australia and Northern Territory. Records of 
the Western Australian Museum 3(2): 121-146 [138], 

Holotype 

R23030 [in error, R23020], ‘Langey Crossing, WA 
(17°39’S, 123°34’E)’, G.M. Storr and A.M. Douglas, 2 
September 1964. 
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Paratypes (20) 

R4014, between Wells 39 and 51, Canning Stock 
Route, WA; R21424-27, R21436-39, 10 km E Tennant 
Creek, NT; R23012-13, Langey Crossing, WA; R24176*, 
Elliott, NT; R24200, Helen Springs, NT; R24203-04, 
11 km S Banka Banka, NT; R24234-35, 40 km N 
Tennant Creek, NT; R24265, 40 km S Tennant Creek, 
NT; R32135-36, St George Range, WA. 

Remarks 

The holotype registration number presented by Storr 
is in error, the specimen associated with R23030 is a 
Ctenophorus isolepis isolepis from 5 km NW Liveringa, 
WA. Only three specimens from the locality of Langley 
Crossing are held in the WAM collection (R23012-13, 
R23020), of which two are listed as paratypes for 
the species (R23012-13) and the third (R23020) is 
considered to be the correct holotype desired by Storr 
to represent the species. The error appears to be a minor 
typographical error in the registration numbers with 
23020 replaced with 23030. In a recent revision of the 
northern Australian Diporiphom, Melville et al. (2019) 
referred to the corrected holotype registration for the 
species. One paratype (R24176) could not be located 
and is presumed lost. The specimen was previously 
sighted during a type audit undertaken between July 
2008-February 2010. Additional paratypes held in other 
collections: eight at SAMA (SAMA R3536, R4824A-C, 
R5047, R5352, R13539A-B) and three at NMV (NMV 
D2691, D2695, D2914). 


Diporiphora linga Houston, 1977 

Houston, T.F. (1977) A new species of Diporiphora 
from South Australia and geographic variation in 
D. winneckei Lucas & Frost (Lacertilia: Agamidae). 
Transactions of the Royal Society of South Australia 
101: 199-205 [203], 

Paratypes (2) 

R24529-30, 23 mi (37 km) ENE Wirrulla, SA. 
Remarks 

Holotype stored in at SAMA; R15020F, from ‘23 km 
N of Koonibba Mission, SA (31°42'S, 133°26'E)’ by 
C. Houston, T. Houston, A. Edwards and J. Herridge, 
collected between 11-13 November 1975. Additional 
paratypes held in other collections: 48 at SAMA (SAMA 
R10822-26, R14447, R14459A-B, R14885, R14978A-I, 
R14998A-L, R15020A-E, R15020G-H, R15174, 
R15208A-G, R15220, R15600-01) and one at AMS 
(AMS R54626). 


Diporiphora magna Storr, 1974 

Storr, G.M. (1974) Agamid lizards of the genera 
Caimanops, Physignathus and Diporiphora in 
Western Australia and Northern Territory. Records of 
the Western Australian Museum 3: 121-146 [137], 


Holotype 

R42786, ‘Old Lissadell, WA (16°30’S, 128°4rE)’, D.J. 
Kitchener, 19 October 1971. 

Paratypes (77) 

R11778, Lissadell, WA; R23126, 37 km SE Kununurra, 
WA; R23787, R23788, Maranboy, NT; R24115-20, 
R24142-43, Larrimah, NT; R26788, Grotto Creek, WA; 
R28228, 29 km N King Edward River, WA; R37108, 
Mataranka, NT; R40305, Wearyan River crossing, NT; 
R40479, R40495, Kalumburu, WA; R40723 (in error, 
R42723), R40724 (in error, R42724), R40760* (in error), 
R40761* (in error), R40762* (in error), R40763* (in 
error), R40764* (in error), R40765* (in error), R40766* 
(in error), R40767* (in error), R40768* (in error), 
R40769, R40770-71, R40782, R41867-68, Durack River 
Crossing, New York Range, WA; R42676-79, R42680*, 
R42698, R42703, R42710-13, R42719, R42726, R42737, 
R42741-42, R42744, R42746, R42918, R42923*, Lake 
Argyle, WA; R43547, Kalumburu, WA; R43550-58, 
Pago, WA; R43862, Lake Argyle, WA; R43867*, 
R43868*, R43872*, R43873*, R43874*, R43875*, 
R43876*, R43877*, R43878*, R43879*, R43880*, 
Kalumburu, WA. 

Remarks 

The type location is now currently completely 
submerged below Lake Argyle. Two paratype 
registration numbers presented by Storr are in error, 
R40723-24; R40723 is associated with a specimen of 
Cryptohlepharus metallicus (Scincidae) from Red Lily 
Lagoon, Daly River, NT and R40724 is a specimen of 
Litoria sp. (Pelodryadidae) from Tunnel Creek, WA. 
The correct registration numbers for specimens of 
Diporiphora magna matching the localities provided 
by Storr are R42723-24, respectively. Nine paratypes 
listed by Storr are in error; R40760-65 are specimens 
of Gehyra kimberleyi (Gekkonidae) from Old Lissadell, 
Ord River [now Lake Argyle], WA, R40766 is a 
specimen of Heteronotia binoei (Gekkonidae) from 
Old Lissadell, Ord River [now Lake Argyle], WA 
and R40767-68 are specimens of Ctenotus militaris 
(Scincidae) from c. 22 km S Ord River Dam, WA. 
Examination of hardcopy WAM herpetological registers 
revealed the D. magna paratypes were not the original 
specimens assigned the registration number. No 
additional specimens that would have been available to 
Storr at the time of description matching the localities 
listed could be identified in the current WAM collection 
and all nine specimens are presumed lost. 

Additional paratypes held in other collections at the 
time of description (Storr 1974); 18 at NMV (NMV 
D5095, D5097, D5124, D5179-92, D10085), one at 
SAMA (SAMA R8167) and one at NTR (NTR 203, now 
ANWC R738). Thirteen WAM paratypes were gifted to 
other museums on 1 November 1973, prior to publication 
of the species descriptions; 11 to AMS (R42923, 
R43867-68, R43872-80), one to SAMA (R43879) and 
one to FMNH (R42680). 
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Diporiphora pallida 
Melville, Smith Date, Horner 
& Doughty, 2019 

Melville, J., Smith Date, K.L., Horner, P. and Doughty, 
P. (2019) Taxonomic revision of dragon lizards in the 
genus Diporiphora (Reptilia: Agamidae) from the 
Australian monsoonal tropics. Memoirs of Museum 
Victoria 78: 23-55 [52], 

Holotype 

R177292 (formerly NMV D73853), ‘Mitchell Plateau, 
WA (14°49.45'S, 125°42.12'E)’, J. Melville, 12 September 
2005. 


Diporiphora paraconvergens 
Doughty, Kealley & Melville, 2012 

Doughty, P., Kealley, L. and Melville, J. (2012) 
Taxonomic assessment of Diporiphora (Reptilia: 
Agamidae) dragon lizards from the western arid zone 
of Australia. Zootaxa 3518: 1-24 [20], 

Holotype 

R163948, ‘23 km north-east of Warrawagine 
Homestead, Pilbara Biodiversity Survey quadrat 
PHYE01, WA (20°4r54"S, 120°51’23"E)’, J.K. Rolfe, 
A.H. Burbidge and T. Rolfe, 6 October 2006. 

Paratypes (6) 

R63525, 2 km NNE of Murguga, Well 39, Canning 
Stock Route, WA; R131073, Kiwirrkurra, WA; R133348, 
R133475, Lake Mackay, WA; R137921, Telfer, WA; 
R164250, Mina Mina Clutterbuck Hills, Gibson Desert, 
WA. 

Remarks 

Liver sample of holotype stored in 100% ethanol 
at WAM. Liver sample of five paratypes (R131073, 
R133348, R133475, R137921, R164250) and additional 
heart sample of two (R131073, R137921) stored frozen 
(-75°C) at the WAM. 


Diporiphora perplexa 
Melville, Smith Date, Horner 
& Doughty, 2019 

Melville, J., Smith Date, K.L., Horner, P. and Doughty, 
P. (2019) Taxonomic revision of dragon lizards in the 
genus Diporiphora (Reptilia: Agamidae) from the 
Australian monsoonal tropics. Memoirs of Museum 
Victoria 78: 23-55 [37], 

Holotype 

R177290 (formerly NMV D73819), ‘Gibb River 
Rd, 20 km west of Ellenbrae Station, WA (15°57.3PS, 
126 0 52.9'E)’, J. Melville, 9 September 2005. 


Paratypes (4) 

R119719, Emma Gorge, Cockburn Range, WA; 
R162517, 25 km S Wyndham, WA; R171418, Prince 
Regent River NP, WA; R175785, Waterfall Yard, 15 km 
N Mt Elizabeth HS, WA. 

Remarks 

Heart and liver samples of one paratype (R119719) 
stored frozen (-75°C) and liver of three (R162517, 
R171418, R175785) stored in 100% ethanol at the WAM. 
Four additional paratypes held at NMV (NMV D73805, 
D73841, D73978, D73980). 


Diporiphora pindan Storr, 1979 

Storr, G.M. (1979) Two new Diporiphora (Lacertilia, 
Agamidae) from Western Australia. Records of the 
Western Australian Museum 7(2): 255-263 [256], 

Holotype 

R58402, ‘5 km N of Coulomb Point, WA (17°18'S, 
122 o 10'Ey, R E. Johnstone, 17 April 1977. 

Paratypes (56) 

R116 [in error, R166], Streeters Stn, nr Brome, WA; 
R15185, R20262-64, R20317-29, R26834, Derby, WA; 
R27638, Injudunah Creek, WA; R32167, 24 km SSE 
Derby, WA; R36336, 130 km E Broome, WA; R40266, 
Coulomb Point, WA; R46216, Lagrange, WA; R46463, 
Beagle Bay, WA; R46661, Derby, WA; R53797-98, 
R54013-14, R54018-22, R54028-31, R54038, nr Edgar 
Ranges, WA; R54080, 37 km SSE McHugh Bore, WA; 
R58403-04, R58405 [in error, R58458], R58406-10, 
R58461, 5 km N Coulomb Point, WA; R58500, 
Martins Well, WA; R58503, 5 km N Coulomb Point, 
WA; R58514-15, Martins Well, WA; R58516, 5 km N 
Coulomb Point, WA; R58517, ‘Dampier Land’, WA; 
R58605, 28 km ESE Derby, WA. 

Remarks 

Two paratype registration numbers presented 
by Storr are in error, R116 and R58405; R116 is 
associated with a specimen of Underwoodisaurus 
milii (Carphodactylidae) from Mooliabeenee, WA 
and R58405 is a specimen of Amphibolous gilberti 
(Agamidae) from 5 km N Coulomb Point, WA. The 
correct registration numbers for specimens of D. pindan 
matching the localities provided by Storr are R166 and 
R58458 respectively. One additional paratype held in the 
NMV collection (NMV D2111). 


Diporiphora reginae Glauert, 1959 

Glauert, L. (1959) A new agamid lizard from Queen 
Victoria Springs, Western Australia. Proceedings of 
the Royal Zoological Society of New South Wales, 

1957-58: 10 [10], 
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Holotype 

R12961, ‘Karin Rock, 14 miles [22.5 km] from 
Cunderlee [Cundeelee] Mission in the Queen Victoria 
Springs area, WA’ (30°41'S, 123°17'E), W.H. Butler, 23 
January 1959. 

Paratypes (A) 

R12960, R12962-64, Karin Rock, WA. 


Diporiphora superba Storr, 1974 

Storr, G.M. (1974) Agamid lizards of the genera 
Caimanops, Physignathus and Diporiphora in 
Western Australia and Northern Territory. Records of 
the Western Australian Museum 3(2): 121-146 [144], 

Holotype 

R43178, Mitchell River, WA (14°25'S, 125°50'E)’, L A. 
Smith and R.E. Johnstone, 14 January 1973. 

Paratypes (9) 

R13576, Kalumburu, WA; R32066, Manning Creek, 
WA; R41263-64, R41266, Mitchell River, WA; R43956- 
58, Boongaree Is, WA; R43959, Prince Regent River, WA. 


Diporiphora valens Storr, 1979 

Storr, G.M. (1979) Two new Diporiphora (Lacertilia, 
Agamidae) from Western Australia. Records of the 
Western Australian Museum 7(2): 255-263 [259], 

Holotype 

R31009, ‘near Tom Price, WA (22°45'S, 117°45'E)’, 
C. Tideman and R.S. Robinson, December 1968. 

Paratypes (8) 

R23970-73, Kumarina, WA; R25135, 3.5 km SE Turee 
Creek, WA; R52703, R52737-38, Marandoo town-site, 
WA. 


Diporiphora vescus 
Doughty, Kealley & Melville, 2012 

Doughty, P., Kealley, L. and Melville, J. (2012) 
Taxonomic assessment of Diporiphora (Reptilia: 
Agamidae) dragon lizards from the western arid zone 
of Australia. Zootaxa 3518: 1-24 [12]. 

Holotype 

R145536, ‘86 km south of Port Hedland, WA 
(21°03 , 36"S, 118 o 45 , 00 ,, E) , , R.J. Teale and colleagues, 
May 2001. 

Paratypes (4) 

R30427, 16 km SW of Port Hedland, WA; R117871, 
1 km N of Mundabullangana HS, WA; R161256, 45 km 
NE of Whim Creek, WA; R163224, Cape Lambert, WA. 


Remarks 

Liver sample of holotype and three paratypes (R117871, 
R161256, R163224) stored frozen (-75°C) at the WAM. 

Lophognathus horneri 
Melville, Ritchie, Chappie, Glor 
& Schulte, 2018 

Melville, J., Ritchie, E.G., Chappie, S.N.J., Glor, R.E. 
and Schulte II, J.A. (2018) Diversity in Australia’s 
tropical savannas: an integrative taxonomic revision 
of agamid lizards from the genera Amphibolous and 
Lopognathus (Lacertilia: Agamidae). Memoirs of 
Museum Victoria 77: 41-61 [54], 

Paratypes (3) 

R108806, Calico Springs, Mabel Downs Stn, WA; 
R131990, R132850 Kununurra, WA. 

Remarks 

Holotype held in the NTM collection (NTM R16472) 
collected from ‘Sambo Bore, Wave Hill Station, NT 
(18°52’48"S, 130°40’12"E). Four additional paratypes 
held in other collections, three at NMV (NMV D72658, 
D73846, D74687) and one at NHMUK (NHMUK 
1946.8.12.73). 


Pogona brevis Witten, 1994 

Witten, G.J. (1994) Taxonomy of Pogona (Reptilia: 
Lacertilia: Agamidae). Memoirs of the Queensland 
Museum 37: 329-343 [331], 

Paratype 

R9856, Longreach, Qld. 

Current status 

Junior synonym of Pogona henrylawsoni Wells and 
Wellington, 1985, see Shea (1995). 

Remarks 

Holotype held at QM (QM J32292) from ‘Croydon, 
Qld’ (18°13'S, 142°14'E), collected by D. Milton, June 
1977. Additional paratypes held in other collections: 
four at QM (QM J38735, J38760-61, J46949) and one at 
NMV (NMV Dll 164). 

Witten (1994) considered the holotype of 
P. henrylawsoni (AMS Field No. 16814) lost and 
subsequently nominated a specimen of Pogona vitticeps 
as neotype, placing P. henrylawsoni into synonymy with 
P. vitticeps. Shea (1995) demonstrated that the holotype 
specimen of P. henrylawsoni was not lost, but had been 
reregistered of 6 April 1985 (AMS R116984, formerly 
AMS Field No. 16814), and that the specimens was most 
similar to P. brevis and not P. vitticeps , indicating the 
name P. henrylawsoni takes priority over P. brevis. As 
the type specimen of P. henrylawsoni was never lost, it 
has retained usage over P. brevis as a senior synonym 
(Shea and Sadlier 1999). 
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Tympanocryptis aurita Storr, 1981 

Storr, G.M. (1981) Three new agamid lizards from 
Western Australia. Records of the Western Australian 
Museum 8(4): 599-607 [599], 

Holotype 

R66296, ‘27 km SSE of Halls Creek, WA (18°27’S, 
126°45'E)’, M.C. Ellis, 4 September 1979. 

Paratypes (2) 

R64051-52, 0.4 km W Wolf Creek Meteorite Crater, 
WA. 

Current nomenclature 

Cryptagama autita , see Witten (1984). 

Tympanocryptis diabolicus 
Doughty, Kealley, Shoo & Melville, 2014 

Doughty, P. Kealley, L., Shoo, L.P. and Melville, J. 
(2015) Revision of the Western Australian pebble- 
mimic dragon species-group ( Tympanocryptis 
cephalus: Reptilia: Agamidae). Zootaxa 4039(1): 
85-117 [100], 

Holotype 

R135413, ‘Mount Brockman, WA (22°17 , 31"S, 
117 0 16 , 23"E)’, S. Anstee, 20 November 1998. 

Paratypes (5) 

R135411-12, R135454, Mt Brockman, WA; R170204, 
53 km NNW of Tom Price, WA; R170281, 51 km ESE of 
Paraburdoo, WA. 

Remarks 

Liver sample of holotype and all paratypes stored 
frozen (-75°C) at the WAM. 

Tympanocryptis fortescuensis 
Doughty, Kealley, Shoo & Melville, 2014 

Doughty, P. Kealley, L., Shoo, L.P. and Melville, J. 
(2015) Revision of the Western Australian pebble- 
mimic dragon species-group ( Tympanocryptis 
cephalus'. Reptilia: Agamidae). Zootaxa 4039(1): 
85-117 [104], 

Holotype 

R158076, ‘4 km south-south-east of Wanna Wanna 
Pool, WA (21°23 , 41 ,, S, 117 o 10 , 14"Ey, J.K. Rolfe and B. 
Durrant, 9 October 2004. 

Paratypes (5) 

R108817, R113625, 37 km NNE of Auski Roadhouse, 
WA; R110129, 12 km ESE of Mt Billroth, WA; R121974, 
Roy Hill Stn, WA; R158074, 4 km SSE of Wanna Wanna 
Pool, WA. 


Remarks 

Liver sample of holotype and three paratypes 
(R110129, R121974, R158074), and heart sample of two 
paratypes (R108817, R113625) stored frozen (-75°C) at 
the WAM. 


Tympanocryptis lineata macra 
Storr, 1982 

Storr, G.M. (1982b) Taxonomic notes on the genus 
Tympanocryptis Peters (Lacertilia: Agamidae). 
Records of the Western Australian Museum 10(1): 
61-66 [61]. 

Holotype 

R44553, ‘16 km S of main dam at Lake Argyle, WA 
(16°15'S, 128°40'E)’, L A. Smith and R E. Johnstone, 20 
January 1972. 

Paratypes (14) 

R11752, Ord River below main dam, Lake Argyle, 
WA; R36164, 50 km SE Fitzroy Crossing, WA; R42672- 
75, Old Lissadell, WA; R42728-29, R42734, R42735 [in 
error, R42733], R44552, Argyle Downs, WA; R60330, 
40 km SSW Bullo River HS, NT; R70682, 5 km NNW 
Mt Percy, WA; R75123, Fitzroy Crossing, WA. 

Remarks 

One paratype registration listed by Storr (R42735) is 
in error, the specimen associated with the number is a 
Ctenotus inornatus from Lake Argyle, WA. The correct 
registration associated with a specimen of the species 
from the locality presented by Storr and available at the 
time of description is R42733. One additional paratype 
purportedly held in the MMUS (MMUS 930), from 
King Sound, WA; however, its current whereabouts is 
unknown. 


Tympanocryptis lineata houstoni 
Storr, 1982 

Storr, G.M. (1982b) Taxonomic notes on the genus 
Tympanocryptis Peters (Lacertilia: Agamidae). 
Records of the Western Australian Museum 10(1): 
61-66 [62], 

Holotype 

R53427, ‘10 km SSE of Cocklebiddy, WA (32°07'S, 
126°06'E)’, G. Harold, G. Barron and M. Peterson, 25 
April 1976. 

Paratypes (61) 

R14184, 16 km NE Fraser Range, WA; R16502, 
Forrest, WA; R12222, 20 km E Naretha, WA; R15209, 
Rawlinna, WA; R17418, 20 km SW Balladonia HS, 
WA; R19101-04, Naretha, WA; R19105-10, Seymour 
Downs, WA; R24649, Madura, WA; R25866, 32 km 
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E Naretha, WA; R29174-75, Loongana, WA; R28706, 
5 km S Loongana, WA; R29335, Forrest, WA; R29656, 
3 km W Naretha, WA; R33399, R34022, 95-115 km 
NNE Rawlinna, WA; R36119, 77 km S Cook, SA; 
R36475, 95-115 km NNE Rawlinna, WA; R36475* [in 
error, duplicate registration], 70 km NNE Rawlinna, WA; 
R37053-54, 95-115 km NNE Rawlinna, WA; R37674, 
23 km S Reid, WA; R39711, Kanandah, WA; R41216, 
95-115 km NNE Rawlinna, WA; R41225, Kanandah, 
WA; R41603, 18 km E Loongana, WA; R41646, R43592- 
94, 70 km NNE Rawlinna, WA; R45358, 95-115 km 
NNE Rawlinna, WA; R45646-47, Toolinna Rockhole, 
WA; R51804-06, Naretha, WA; R53428-30, 10 km SSE 
Cocklebiddy, WA; R53756-57, 10 km N Rawlinna, WA; 
R56883, Toolinna Cave, WA; R66499-500, 7 km NNW 
Eucla, WA; R66762, 41 km SW Caiguna, WA; R66789- 
92, Toolinna Rockhole, WA; R67249-53, Cocklebiddy, 
WA; R67261, Mundrabilla, WA. 

Current status 

Tympanocryptis houstoni , see Shoo et al. (2008). 

Remarks 

In the description under paratypes, Storr states 
‘For details of 61 specimens in Western Australian 
Museum from Western Australia and South Australia, 
see Material’; however, he lists 63 specimens under 
material, not including the holotype which is not listed. 
Storr makes reference to 62 specimens in the species 
description in regards to SVL measurements recorded, 
‘N 62’ but does not identify which specimens were to be 
excluded as paratypes or if all material examined was 
destined to be a paratype. One specimen is listed twice 
in the material examined section with two different 
localities, R36475. The correct locality for this specimen 
is 95-115 km NNE Rawlinna. No additional specimens 
of the species matching the locality presented by Storr 
could be located in the collection. 


Tympanocryptis parviceps Storr, 1964 

Storr, G.M. (1964) The agamid lizards of the genus 
Tympanocryptis in Western Australia. Journal of the 
Royal Society of Western Australia 47: 43-50 [46], 

Holotype 

R16984, ‘Eleven miles [17.7 km] south-east of 
Ningaloo, WA (22°48'S, 113°49'E)’, G.M. Storr and B.T. 
Clay, 18 October 1962. 

Paratypes (18) 

R8833, Pt Coates, WA; R10654* (now R177040), 
R11265* (now R177041), R11266* (now R177042), 
R11267* (now R177043), R11268* (now R177044), 
R11269* (now R177047*), R11270* (now R177045*), 
R13164, Bernier Is, WA; R13221, R13483, Pt Coates, 
WA; R19095-96, 2 mi [3.2 km] N Ningaloo, WA; 
R19094, Pt Coates, WA; R19097-98, Quobba, WA; 
R20494-95, Bernier Is, WA. 


Current nomenclature 

Ctenophorus parviceps , see Melville et al. (2008) for 
generic placement and Melville et al. (2008) for specific 
status. 

Remarks 

Seven paratypes (R10654, R11265-70) listed by Storr 
are in error, each number is erroneously associated with 
two specimens, one being the C. parviceps specimens 
designated by Storr and the other being specimens of 
other species. These errors appear to be attributed to 
duplicate production and use of metal registration tags 
made from lead which were individually punched with 
registration numbers on an as needed basis. Prior to the 
use of the current pre-printed sequentially numbered 
wax-free card registration tags, a range of registration 
tags were used to identify specimens in the collection, 
predominantly including lead and aluminium metal tags 
with punched registration numbers and DYMO printed 
plastic tags, which were all produced on an as needed 
basis. The past approach of creating registration tags 
and imprinting registration numbers on them as required 
has resulted in numerous duplications of registration 
numbers throughout the herpetology collection.. 

Entries in early hardcopy specimen registers indicate 
the correct specimens associated with these registration 
numbers are not the specimens of Ctenophorus 
parviceps designated by Storr (R10654 = Demansia 
psammophis reticulatus (Elapidae), now disposed; 
R11265 = Pseudechis australis (Elapidae), now 
disposed; R11266 = Pseudonaja affinis exilis (Elapidae); 
R11267 = Pseudonaja mengdeni (Elapidae), now 
disposed; R11268 = Anilios australis (Typhlopidae), 
now disposed; R11269 = Lialis burtonis (Pygopodidae), 
R11270 = Pseudonaja mengdeni (Elapidae), now 
disposed) and all have been reregistered (see new 
registration numbers above). Of the seven paratypes 
with duplicate registration tags, two could not be located 
and are presumed lost [R11269-70 (now R177047, 
R177045, respectively)]. Both specimens have not been 
sighted in previous audits and searches dating back 
to November 1998, including type audits undertaken 
between July 2008-February 2010. 


Tympanocryptis pseudopsephos 
Doughty, Kealley, Shoo & Melville, 2014 

Doughty, P. Kealley, L., Shoo, L.P and Melville, J. 
(2015) Revision of the Western Australian pebble- 
mimic dragon species-group ( Tympanocryptis 
cephalus\ Reptilia: Agamidae). Zootaxa 4039(1): 
85-117 [107], 

Holotype 

R154790, ‘31 km south-west of Doolgunna 
Homestead, WA (25°52’33 M S, 119°01’4r'E), B. Maryan 
and B. Budrey, 5 April 2004. 
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Paratypes (5) 

R114550, 67 km south of Capricorn Roadhouse, 
18 km E Bulloo Down HS, WA; R136459, Norseman 
Area, WA; R164347, 46.1 km E Leonora, WA; R164350, 
11.8 km E Leonora, WA; R167478, 49.5 km N of 
Leinster, WA. 

Remarks 

Liver sample of holotype and four paratypes (R13649, 
R164347, R164350, R167478), and heart sample of one 
paratype (R114550) stored frozen (-75°C) at the WAM. 
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